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INTRODUCTION 



CpNTE^StS 

"Thi^ siibcourse provides information used in planij^ng, constructing, and maintain- 
ing; militar> roads and airfields. Such information will enable you to better understand 
and ippl>^the techniques and methods required, and will increase your capability of 
assuming greater responsibilities. 

The subcourse consists of seven lessons and an examination as follows: 

Lesson 1. Construction Requirements and Desijern Criteria. 

2. Road Reconnaissance and Site Selection. ' 

3. Airfield Reconnaissance and Site Selection. 

4. Layout Procedures, Construction Staking, and Field Methods of 
Alinement. 

5. Expedient Methods of Earthwork Computation. 

6. Dj'ainage. 

7. ' Earthwork Operations and E^jpedient Surfaces. , ' 
Examination. . ^ I 
Twelve credit hours are allowed for the subcourse. 

PRESENtATION ' - ' 

This subcourse is programed. Test results prove that for certain subjects this 
technique is more effective than conventional texts; the method'is particularly well 
suited for correspondence courses. i. 

Essentially, programed instruction is the presentation of ideas in a logically sound 
learning sequence. It presents material in small bits; it provides cues to the right 
answer; it often repeats key ideas in a different form or context; and it reinforces 
immediately the student*s correct response. 

DESCRIPTION OF MATERIAL 

Textual material is divided into frames arifi panels. A frame presents a single 
teaching point in a short paragraph, which requires the student to participaj,^ in the 
statement of concept or the answer to the specffic problem. A panel is an illustration, 
a table, or other reference material used by the stu^ient in solving problems presented 
by one or more frames. 

HOW TO STUDY ^ ' ' 

Proceed from frame to frame in numericaUyrder. First, read frame 1-1, filling in 
the blanks in pencil with the appropriate word(s), numerial quantities, or in some 
instances formulas, as pertinent. Your writing down the correct answer is an 
important aspect of the teaching technique. Then, turn to frame 1-2 and check your 
written response against the correct answer just above the frame. If your response is 



correct, proceed with frame 12. If not, restudy, the frame, erasing your incorrect 
response and writing the </correct answer* in the blank(s). * 

When the frame refers to a panel, turn to the panel for the answer needed to fill i^ 
the blank(s) correctly. Panels are located after the'^frames for each lesson. 

You will be surprised at ht^w easily you learn to follow the technique and how 
simple it is to solve the problems. 

SELF TESTS 4 

Self Tests are located at the end of each lesson. Work the Self Tests using the 
reference given with each exercise if necessary. After completing a lesson Self Test, 
check your answers with the solutions given at the end of the book. Completion of the 
Self Tests will reinforce your comprehension of the subject. 

EXAMINATION 

You will not be limited as to the number of hours you- may spend on the subcourse, 
any lesson, or the examination. For statistical purposes, you are required to enter in 
the proper space on the answer sheet the numbeV of hours spent on the examination. 

As soon as you feel ready to take the examination, send the request card to the 
U. S. Army Engineer School. The grade that you receive on the examination is your 
grade for the subcourse. 
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LESSON 1 



CONSTRUCTION REQUIREMENTS AND DESIGN CRITERIA 
CREDIT HOURS 1 

TEXT ASSIGNMENT Attached memorandum. 

LESSON OBJECTIVES 

Upon completion of this lesson, you should in e^ch of the following subjects, be 
able to: 

1. General concepts - explain the basic concepts behind T.O. construction of roads 
and airfields to include simplicity of design, economy of time, proper management 
and the six principal tasks in road and airfield construction. 

2. Roads — identify road nomenclature and cite military road Specifications for the 
various characteristics. 

3. Airfields — identify components and cite design criteria for TO Army airfields, 
determine runway lengths making the necjessary corrections for factors requiring 
corrections^ and nartie the type facility required for the various operational and 

3 maintenance needs. 

4. Heliports — cite the geometric requirements for heliports with taxi-hoverlanes 
and with runways and gigi the design criteria for TO heliports. 



CONTENTS 

Set 1. General Concepts / Frames M to 1-9 

2. Roads - .Frames MO to 1-19 

- 3. Airfields Frames. 1-20 to 1-38 

4. Heliports ' Frames 1-39 to 1-45 
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ATTACHED MEMORANDUM 



Set 1. General Concepts 

Frames 1-1 through hll are at top of odd numbered page^, 
» 

FRAME M. 

Most military operations depend on using certain roadsror airfields. The need 
for them is usually critical and the time element most important. Simple designs 
requiring a minimum of skilled labor and utilizing available materials, a principle 
of theater of operations (TO) construction, save time. Normally, the nearer the 

required road or airfield is to the front, the more vital the 

element becomes. 



.6 (Ml) 
FRAME 1-12. 

The roadbed is the traveled way plus t\ie shoulders. The minimunv width of 
roadbed constructed for a two-lane road would be feet* 



.10 (1-22) , ^ . 

FRAME 1-23. ) - ^ 

Airfields are designed to accommodate the critical aircraft using them; that 
IS, the'aircraft requirmg the longest runway, the strongest base course, the lowest 
glide angle* and so qn. For example, the c^itic^ Arm>; aircraft to us^ a certain 

airfield in a support aVea, will require a runway at least ^ 

fdet long. ^ 



(lyS (2) 2 (1.33) , , 

FRAME 1-34. , ' " ' , 

Every Army landing field requires certain facilities for operation and main% 
.tenanpe. Operational facUities are those required for direct support of aircraft 
operations (landing, takeoff,, and "in-fUght control). Maintenance facilities are 
those required for support. 
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(time) (l-l) 
FRAME 1-2. 

Time is saved by\pund planning and by skillful , management of manpower, 
equipment, .and construction rtiaterials. Having the necessary dump trucks avail- 
able as needed is an example af management; building a road to the simplest* 
design practicable is an example of . 




jSl (1-12) ^ . ^ . 

SjFRAME 1-13. 

h 

The subgrade .is the natural ground or fill upon which roads and airfields are 
built. The surface is a wearing course. The layer between subgrade and surface 
;is of compacted materials that support the loads; it is called 



course. 



J 



ERIC 



1 - 5 



i 



(3000) (1-23) 
FRAME 1-24. 

The surface of the support type runway discussed in the previous frame 
would be constructed of portable materials, probably^landing mat. The runway 
grade would have to provide a minimum sight distance of one-half the runway 
length plus feet. 




(indirect) (1-84) « 
FRAME 1-35. 

The control tower, runway lights, and the flight operations tent or building 
would be examples of the operational facilities (direct support). Hangers and 

fuel storage structures would be examples of j ■.. facilities (indirect 

support). 
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(sound) (planning^ (1-2) 
FRAME 1-3. 

The locayon of roads and airfields depends on the military necessity. However, 
dense forest and rough terrain require extensive clearing and earthmoVing, while 
use of existing facilities usually saves time. If the military situation permits, 
good plafining generally means maximum use of - facilities. 
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(base) (I-IS) 
FRAME 1-14. 

The stopping sight distance (SSD) is the longest distance in which a driver, 
whose eyes are 4.5 /eet above the road surface, ckn see an object 4 inches high 
on the road. Absolute minimum SSD is ^ , feet. 
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500 (1-24) > .. . ' , • 

FRAME 1-25. 

The runway for a fear area Army airfield must be at least (1 ) ^ 

feet wide. The transverse grade sho^ild be at least (2) percent and 

no more thsrn (3) percent. ^ 



♦ 



(mainte'nance) (1-35) " . * ■ . ' " 

FRAlkE 1-36.' 

Thr^e types of support facilities are installed at Army airfields in the theater 
of operations — field, intermediate and temporary — depending on the situation. 
These classes do no,t necessarily correspond to the three design categories — for- 
ward, support, and rear. Panel 1-6 is applicable to'framessl-3'i throu^tv^^-38. 
Note, for example, that th^ structure used for a flight operations center fgr field 
and intermedia'te support facilities is a 



(existing) (1-3) - * 

^ Safety, and durability are less important in military' construction , than in 
civilian construction^ Safety factors are loWMn keeping with the jnherent risks , 
of War. ,The de'gree of permanence required in any military road or airfield is 
relatively small; construction specifications, therefore, usually permit a 1<^ dur- 
ability requirement. > Critical time ean be*saved by constructin^l^^lv minimum 
. qualities (5f Tl) 1: ^ and, (2) 



2j)0 (1-14) , . 
. rBAME 1-15. • * , ' 

Roads^re crowned to drain the surface course. If a graveled "traveled way 

were 23 feet wide, the minimum height of crov^n woujd be (1) j ^ inches^ 

and maximum required would be (2-) inches. ^ . . 

• / • ■ '. 
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(1) 72 (2) 0.5 (3) 2 (1-25) 
FRAME 1-26. 

For a support type airfield requiring a 3000-foot runway, the total length of 
the flightstrip will Jje feet. 



(tent) (1-36)^ • 

/FRAME 1-37. . , . ^ 

For intermediate facilities, trucks or trailers are used for the lights and 
transformer vault, tHe control tower, and the equipment. 



, Bulj|ttsg a *^6a^r -runway to pergjit-.tjaffj^ use' while further completion con- 
tinues is CaU<Bd*j*taj2[e "cx>nstr,)icll!ba- TKijs, one lane of a two-lane road is surfaced • 
for its_^entir^ length {or iu'Iong' ^sti^Qji^^^ ^befoce^tlje second. l&ne^ fe conipletetl. ^ 
Canati-ucyfr^^l^d £i?e<img rpiitc iiiaVteng ^i:ns' (an- engineer taskl JofifQJ^^ Yoatji ' ^ ' ^ 
is Often AotrSffie would^-yibla^^* the' principal. og,_! 112:^- cottstrUctibn. . 



(1) ^2 (— ) = 5% (2) (S) = sVs (1-15) 

. FRAME 1-16. < . 

A straight section gf road is referred to as a tangent. Grade change in ele- 
vation is expressed, as a percentage; that is, a S foot vertical change in elevation 
per lOO^feet'of horizontal length is a 5 percent grade. The noraial maximum 
^gra*de for a tangent is percent. 
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• 360ff (1-26) 

1^ .*i>ot"a^'upD^rt tyRadirfieJd to be used by 0-1 aircraft only, the approach zone 
, ; ; eXtfinds^ Tl) 'A ' . ' ,x . feet beyond th,e ehd of the flightstrip. A glide 
aifg^fe" Patio of '1 fabt descent every (2) l feet is required. , 




(comoiunrcation*^) '(,1-37) ^ ^ ' . - - 

yRAME 1-38. 

Far field c6n^tr*uction, maintenance and supply' dangers are not provided. 

For t^porary facilities" thB structure''provided if normally . 
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(stage), (1-5) - 

FRAME 1-6. > / - : : 

Although engineer units are responsible for maintaimng military roads, they 
provide only major maintenance of Afmy airfields; fliat is, work beyond the 
capability of the using unit. Minor maintenance of Army aiiffields, therefore, 
mu^t be done by units the installation; ... 



10 (1-16) ' 
FRAME 1-17, 

Superelevation refers to the slope of a road around a curve; that is," difference 
in. elevation between "outside** and **inside** edges of the traveled way. Maximum 

; superelevation for a 23-fQot traveled way would be 

. , . 'inches. ^ • » 



(1) 500^(2) 20 (1.2T) ' ^ 

FRAME 1-28. f , . 

A support type Army airfield is to be^built for use by OV-1 aircraft. The. 

taxiway must be built at least (1) ' feet wide, (2) with 

foot shoulders and (3) « foot 



lateral clearance.- 



Set 4., Heliports 

(prefab) (1-38) ' < 
FRAME 1-39. 

Panels 1-7 through 1-9 (applicable to frames 1-39 through 1-45) show the 
layo.ut and design cnteria for Army heliports, which are similar to airfields. For 

support type construction, runways are (1) feet long and 

(2) ^ feet wide for CH-54 type he^copters. 



/ 
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.(Using) (l-6> 
^ FRAME 1-7. 

There are six principal tasks in rtfa&^and airfield construction: clearing, 
grubbihg, stripping, earthwork, drainage, and surfacing. Clearing is the removal 
of timber and surface boulders; stripping is the removal of objectionable top soil. 
Removal of stumps and roots is called ♦ 




• 23 = 283/4 (1-17) 



FRAME 1-18. 

Absolute minimum horizontal curve radius is, of course, the turning radius 
of the using vehicle. The specified minimum horizontal radius produces a hair- 
pin turn: ^t is feet. 




1-15 
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(1) 30 (2) 10 (3) 65 (1-28) 
FRAME 1-29. \ 

For a rear area type Army airfield the apron length required ia (1) 
feet, and the apron width required is (2") ' 



feet. 



0, 



' (1) 450 (2) 50 (1-39) 
' FRAME 1-40. , 

For a support type heliport, the maximum longitudinal grade for the runway 
is plus or minus (1) percent, as compared with plus or 

s 

minus (2) percent for runways on support type airfields 

designed for 0-1^ aircraft. 
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t * 
(grubbing) (1-7) ^ 

' FRAME 1-8, 

Earthwork, commonly known as grading, essentially means cutting off high ^ 
spots and filling in low places to get a grade level enough. It is the most important 
construction task bei:ause the most time and effort are normally required. Since 
military roads are-^biilt on the principle of stage construction, they are planned ^ 

so that they may be put into emergency service at any stage after . 

is completed. 

7 - 



150 (1-18) 
FRAME 1-19. 

The elevation difference in a shoulder of a medium width road is. 
inches. 
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(1) 1920 (2) 2^0 (1-29)- . 

FRAME 1.3d. . i 

Runw^ay length must43e adequate for the takeoff ground run (TGR) of the 
using aircraft. This will, under some conditions, exceed the minimum runway 
lengths given in Panel 1-4. ^Panel 1-5 (applicably^frames 1-30 through 1-33) 
explains the method for determining runway leng^Rr -different conditions. The 

runwaj^ length is corrected for altitude by increasing the TGR by (1) 

. percent for each (.2) foot increase in 



altitude. aB9ve (3) feet. 

1 



(1) 2 (2) 10 (1-40) 
FRAME 141. 

Support type heliport runway shoulders are biiilt (1) 



feet wide. Length of overrun provided is (2) ' feet; mini- 
mum runway lateral clearance is (3) feet for CH-54 heli- 
copters. 
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(gmding^ (1-8). 
FRAME 1-9. 

The importance of drainage in both desigi^and construction cannot be over- 
emphasized. The drainage system must remove all surface water from operating 
areas, and remove detrimental ground water. Instead of subsurface drains, which 
consume_,time and transportation, surface ditches are normally used to comply 
with the TO. principle of : design to save time. 



^ ^ - Set 3* Airfields 

? X 4 ^ 3 (1-19) ' , , ; 

4 \ ' . ' , 

FRAME 1-20. ^ 

Panel 1-3 show^he components of an airfield. Runways, taxiways, aprons, 
and hardstands no^ally have a pavement built on a stabilized or Compacted 
subgrade. As in road construction (panel 1-1) airfield pavements include a surface 



course over a 
capacity. 



course of selected materials with high bearing 



1-19 





(1) 10 (2) lOOO'^S) 1000 (1-30) 
FRAME 1-31. 

^ Runway length must also be increased as temperature increases. If the TGR 

is less than 5,000 feet, the runway length must be increased by (1) 

- percent for each ten degree increase m temperature above (2) 

: degrees. 



(1) 10 (2) 100 (3) 135 (1-41) ^ ^ 

FRAME 1-42. 

Taxiways for sup^port type Army heliports to be used by helicopters 

are built (1) feet wide with (2) — 

foot shoulder width and a mihimum of (3) feet lateral 

clearance. 



\ 

* ; 
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Set 2. Roads 

(simple) (1-9) . ' • 

FRAME 1-10. * ' < 

I^nels 1-1 and 1-2 combine cross sectional and perspective views with the 
specifications for 'a military road. > By referring to them iji study frames 1-10 
through- 1-19. you will become acquainted with the .more important coHStruction 
Requirements for military roads. You learn, for example, that a turnout is reiquired ' 
every mile when building a single-lane road. ^ r- 



(base) (1-20) ^ 
FRAME 1-21. 

* Shoulders and overruns are normally constructed of materials found in place 
at the worksite ; only clearing, and obstacle removal are necessary in the approach 
zones. In 'the approach zone, (panel 1-3) obstacles extending above the prescribed 

angle must be removed. ' , 
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(1) 4 (2) 59 U-31) 
FRAME 1-32. 

Required runway length, based upon aircraft TGR. is further increased by 

a<iditi-on of a safety factor. This safety factor is (1) 

for rear area airfields and 02) ; for support and forwara 

area airfields. > ' 



(1) 25 (2) 10 (3) 125 (1-42) 
FRAME 1-43. 

For- support type Army heliports designed for 0H-6A helicopters, parking 

pads are (1) feet in length and (2) ' 

feet in width. Center-to-.center spacing of th^se pads is (3) ^ 

feet. 



1 - 22 

Er|c 9.:^ 



Vi (MO) 

FRAME 1-11. , 

The roadway is the width that ^ includes the roadbed plus cut slopes or fill 

slopes. Specifications require that an additional . ! — ^ feet be 

cleared on 'each side of the roadway. 

Turn back ta bottom of page 1-8. 



(glide) (1-21) . . > 

FRAME 1-22. 

Depending oj^TTTF^ime available and. the intended usage, Army airfields are 
built to one o/ three d^silm classed: forward, support, an(| rear. Panel 1-4 
(applicable tcf frames 1-22 through 1^29) is a table showing these ^Arfield design 
criteria. Note, for example, that minimum width ''of shoulcJfcrs for rear area run- 
ways is feet. * ' 

* Turn back to top of page 
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(1) 1x5 (2) 1.25 (1-32) 
FRAME 1-33. * * • • ' 

V 

*. ' 

The term "effective gradient" means the maximum difference in "elevatioii^r 
along a runway, divided by the length of the runway, and is expressed in per- " 
'centage. If the effective gradient of a runway exceeds two percent, the runway 

length must be increased by (1) percent for each one 

percent it exceeds (2) percent. 

Turn back to bottom of page l-i. 



(1) 12 (2) 12 (3) 55 (1-43) 
FRAME 1-44. 

For all type of heliports, the minimum length of the approach-departure 

zone is (1) ^ feet, and the minimum length of the takeoff 

safety zone is (2) feet. 



1-24 
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(1) 1500 (2) 500 (1-44) 
FRAME 1-45. 

The maxii?ium transverse g^rade for hjelicopter taxi, hoverlanes is (1) 

percent, and the minimum transverese grade for heli- 

copter taxi hoverlanes is (2) ^ percent. . 

/ . ' ' 



1-25 * 



(1) 5 (2) 1.5 (1-45) - . 

END OF FRAMES 
s PANELS AND SELF TEST FOLLOW 
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\ f 

Panel 1-1 i, Typical cross section and perspective illustrating road 
. ; \ fyomenclature. 




Panel 1-2. Military road specifications. 



Characteristics 



Specifications 



WIDTH: 

Traveled way (single lane) 
Traveled way (two lanes) . 

Shoulders (each side) 

Clearing 



Minimum — 
Minimum — 
Minimum — 
Minimum — 
roadway. 



\ 

111/2 feet. 
23 feet. . 
4 feet. 

6 feet on each side 



of 



ALINEMENT: 

Absolute maximum 

Normal maximum 

Desirable maximum 

Horizontal curve radius . 
Vertical curve length: 
Invert curves 

Overt curves 

Sight distance: 

Stopping 

Passing 

^ ^ 

LOAD CAPACITY: 

Road proper 

Bridges 

SLOPES: » 

Shoulders 

Crown (gravel and dirt) . 

Crown (paved) 

Superelevation L 

Cut , 

Fill _ _ 

MISCELLANEOUS: 

Overhead clearance L 

Traffic volume 

Turnouts (single lane) 



Lowest maximum gradability of vehi- 
cles for which road is built. 
10 percent. 

Tangents and gentle curves, less than 
6 percent; sharp curves, less than 
4 percent. ^ 

Minimum — 150 feet. 



100 feet minimum for each 4 percent 
algebraic difference in gjrades. 

125 feet minimum for each 4 percent 
algebraic difference in grades* 



Absolute minimum 
Absolute minimum 



200 feet. 
350 feet. 



Sustain design numbers of equivalent 

18,000-pound operations/day. 
Accommodate using traffic. 



% inch per foot. \ 
V2 to % inch per foot to t . 
14 to 1/2 inch per foot to t . 
V4 to IV4 inch 'per foot. 
Variable. 
Variable. 



Minimum — 14 feet. 
2,000 vehicles per day. 
Minimum — every 14 mile. 
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Panel 1-5* Runway length determination for airfields in 
the theater of operations* 



1) 


TAKEOFF 


Takeoff ground run (TGR) for individual aircraft is 




GROUND RUN 


shown in panel 1-4. 


2) 


ALTITUDE 


Increase the takeoff ground run (TGR) by +10% for 




CORRECTION 


each loop ft increase in altitude above 1000 ft. 



3) TEMPERATURE 
CORRECTION^ 



Increase the corrected runway length, obtained from 
the previous computation, by +7% for each 10° F in- 
crease in temperature above 59° F, if takeoff ground 
run is greater than 5000 ft. Increase by 4% per 10° 
above 59° if takeoff ground run is les,s than* 5000 



K 

:;4^) ^ SAFETY 
^ " FACTOR 



5) JEFFECTIVE 
GRADIENT 
CORRECTIQN 



Multiply the corrected runway length from the pre- 
vious computation by 1.5 for Rear Area Airfields -and 
1.25 for Support and Forwarc^ Area Airfields. 

Increase the corrected runway length, obtained from 
the previous computation, by +8% for eaph 1%- of 
effective gradient over 2%. Using the aboye runway 
length, the effective gradient can be determined from 
tiie profile of the airfield. ^ 



6) ROUND UP 



The final runway length will be the takeoff ground 
run corrected (if r^uired) for conditions of altitude, 
temperature, safety factor, and effective gradient, and 
raised to the next larger 100 feet 



Compare calculated length obtained from the previous 
computation with the minimum length required as 
shown in panel 1-4. Use the greater value. 



7) COMPARE 

WITH 

MINIMUM 

REQUIRED 

<f 

• The temperalure to be considered is the mean temperature for the warmest period 
V during which operations will be conducted from the airfield. ^ 



\ 
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Panel Continued. / 

Dlustrative example. The design of a support area, surveillance type airfield 
has be^n requested. 

The following additional information is supplied. ^ 

Altitude of the proposed site 1600 feet 

Mean hottest temperature 79°F 
XThe effective gradient 3% 

1. Takeoff Ground Run (TGR) = 2000' (Panel 1-4) 

s 

2. Altitude Correction 

(1600' - -^OOO') X = 6% 1.06 X 2000 = 2120' 

1000' 



/ 



4% 

(79° - 59°) X -1- = 8% 1.08 X 2120 = 2290' 



3. Temperature Corre^Hon 
10 

4. Safety Factor 1.25 2290 = 2863' 



5. Effective Gradient 
1% 



(3% -2%) X — = 8% 1.08 X 2863 = 3092' - 



6. Round ^p 3100' 

7. Check Minimum Req'd (Panel 1-4) = 3000' 

Select 3100' as appropriate length 
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PUN 
-VARIABLE— 




Ponel 1-8.' Geometric t'equireme/its for heliports with runwoys 

t * 

. ■ ■ . .. \ 




ISOMETRIC VIEW 



FOR MINIMUM GEOMETRIC REQUIREMENTS 
SEE PANEL N9. CIRCLED NUMBERS RELATE 
TO ITEM NUMBERS AS LISTED IN PAN£L 1.9r 
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LESSON 1 

SELF TEST^^ 

Note- The following exercises comprise a self test. The figures following each 
question refer to a frame or panel containing information related to the 
question. Write your answer in the space below the question. When you have 
finished answering all the questions for this lesson, compare your answers 
with those given for.this lesson in the back of this booklet. Do not send in your 
solutions to these review exercises. 



% 

1. Discuss the responsibility of engineer units and the using unit with respect 
to maintenance of Army airfields, (frame 1-6) 



2. Outline the six principal tasks inroad and airfield construction giving a short 
explanation of each, (frame 1-7, 1-8) 



3. Make a'sRetcii showing the relationship of the wearing surface, base, and 
subgrade. (panel 1-1) 



4. Maximum superelevation for a 23-foot traveled way is 28.7 inches. What is 
meant by superelevation? (frame 1-17) 



-f- 
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5. Give the minimum widths of the traveled way, shoulders, and clearing, 
(panel 1-2) 



6. Describe the spe^fications for normal maximum and desirable maximum 
grades, (panel 1-2) 



7. Tell how the invert vertical curve compares with the overt vertical curve, 
with respect to curve length, (panel 1-2) 



8. Give the specifications of the slopes of a road with a paved crown, (panel 1-2) 

L ^ 



' 9. Where is the overrun situated with respect to the runway and approach 
zone? (panel 1-3) 



10. Support your choice of one of the following alternatives for a road 
approximately **seveii miles- long: 

a. construction through relatively flat, wooded area 

b. rehabilitating an existing dirt ro^d 

1 ^45 
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c. building a straight-line route over whatever obstacles exist 

d. constructing over hilly, treeless terrain (fraJrie 1-3) 



11. The tactical situation req^yires the construction of a single-lane road, two 
miles in length. What is the minimum number of turnouts that should be provided to 
permit use of the road in both directions? (frame 1-10 and panel 1-2) 



12. The minimum runway length required for the critical aircraft to use a rear 
Army airfield is 3000 feet. The runway plus overruns will have to be how many feet 
long? (frame 1-23 and panels 1-3 and 1^ 



13. The takeoff ground run for an OV-1 aircraft is 2,000 feet. If the airfield is to 
be at 3,000 feet altitude, and the mean hottest temperature will be 69®F., what will be 
the required runway length when correction^are made for altitude Vid temperature 
only? (frames 1-30, 1-31 and panel 1-5) 



14. Corrections are also made to include a safety factor and for the effective 
runway gradienC. If the runway described in the preceding exercise is in a rear area, 
and the effective gradient is 3%, what will the final corrected runway length be, 
rounded off to the n^ext larger 100 feet? (frame 1-32, 1-33 and panel 1-5) 
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15. What is the length of a support Army heliport runway plus overruns? (frame 
■1-39 and' panels 1-7, 1-8, 1-9) 



16. What is the minimum width, in feet, for a service road for a heliport in a 
forward ai'ea? (panel 1-9) 



/ 



LESSON 2 



RECONNAISSANCE AND LOCATION OF ROADS 
CREDIT JJOURS -1 

TEXT ASSIGNMENt Attached Memorandum. 

Wesson objectives 

Upon completion of this lesson, you will be able, in the following subject areas to: 

1. General principles of reconnaissance — Ej^lain the purposes of a general 
reconnaissance and a road reconnaissance; discuss the following as pertaining to a 
location reconnaissance: topography, soil bearing capacity, stability, drainage, use 
of a geologist, Ib^JQur considerations of rock formation, and the two methods used 
to determine road location. 

2, Hasty location methods — Discuss hasty location considerations, the use of maps 
and aerial photos, and the instruments needed to apply these methods (magnetic 
compass, hand level, metallic tape, an^l clinometer). 

3* Deliberite tocation methods — Give the definition of deliberate location methods; 
describe the planning process to include, the use of control points, the further 
^ subdivisii)n intb primary, intermediate, and secondary control features, alternate 
plans, and ground reconnaissarice. ^ 

4. Final location — Describe the process by which final location is chosen explaining 
the use of the preliminaj^y survey which utilizes terrain features, tentative center 
line, soil classification, and maps to arrive .at the final location; also the two 
methods used to actually set the final location of the road. 



CONTENTS ^ 

Frames 

Set 1. General Principles of Reconnaissance -_^--2-l to 2-23 

2. Hasty Lx)dktion MethoSs 2-24 to 2-28 

3. Deliberate Location Methods A 2-29 to 2-36 

4. Pinal Location ....i,.....: .• 2-37 to-2-47 

If 
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Set 1. General Principles of Reconnaissance 

FRAME 2-1. 

The pyrpose of reconnaissance is to determine the best possible route for a 
specific military need. The tactical commander must have vehicular mobility 
between certain points. The engineer must find the most practical route to meet 
that tactical requirement ; that is, one which will require the least cost in man- 
hours, equipment, and construction materials. He makes a 

to determine the most route. 



(alinement) (2-12) 
FRAME 2-13. 

The bearing capacity, stability, and drainage characteristics of soils are 
important consideratllTs. The organic soils of a jswampy area are the most 
difficult to drain and have the poorest bearing capa«||^xcessive engineer effort 

and possible road failure can normally be avoided when the types of 1_ 

are accurately Id^tified during a location reconnaissance. 



2 — 3 ♦ 



(hasty) (location) (2-24) ^ 
FRAME 2-25. 

Hasty location made fro'm a study of maps and aerial photographs, is supple- 
mented by ground reconnaissance. The reconnaissance is- 

made by riding or walking over the ground; sometim£s portions of a route can be 
located by observation from a high point of ground. 



Set 4., Final Location i 

(map) (2-36) 
FRAME 2^7. 

Usually, a preliminary survey (panel 2-3) is essential to the selection of a 
final location for the proposed road. In addition to the plotting of terrain features, 

,a tentative is established^ critical ' are 

plotted, and the ^_ L___ encountered are classified. 



(reconnaissance) (practical) (2-1^ , - . 

FRAME 2-2. ^ ' 

In A tactical situation, the engineer is rarely concerned with the dollai^cost of the 
road he constructs. Other a§s^ts, however, must be considered because they are always 
in short supply for example, man-hours. The engineer must get his work done witlj 
maximum savings in ^ - " » equipment, and construc- 
tion materials. ^ , " . ' . 




(soils) (2-13) 
FRAME 2-14. 

Natural drainage is^ usually good drainage. Locating a ro^d to^ake advantage 
of -natural drainage also reduces the construction effort required. Loner stretches 
of flat ground often drain poorly. Locating a road along riSges ^nd 'stream lines 
usually takes best advantage of , ^ ' q . 



2-5 



(ground) (2-25) • \: 

FRAME 2-26. ^ » ' 

Frequently hasty location occurs simultanedujsly with construction operations. 
The engineer in charge may have a map in one hand while indicating tfte road 
alinement to equipment operators with the 6ther. lit keeping >yith tactical time 

limitations, construction operations are often conducted __i_Li with 

the hasty Joc'ation of a road. ^\ 



4 



(ceriterline) (elevations) (soils) (2-37) 
FRAME 2-38. 

Frames 2-38 through 2-40 are also based on panel 2-3. Of particular impor- 
tance are those terrain features' which influence the location of the ^ 

and the determination of sufficient , 



nec€ft3sary for estimates. 
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(man-hours) (2-2) 

FRAME 2-3. , , ^ ° - 

\ All phases of^new road construction require great amounts of engineer effort 
— .particularly clearing, drainage, and earthwork. Therefore, existing roads can 
usually be repaired and improved far more economically than new roads can be 
.built because the heavy initial work is already done. The first purpose of recon- 
naissance is to find roads that can be made to meet the 

tactical need. • 



(natural) (drainage) (2-14) ^---^ 
FRAME 2-15/ . , ' 5gl 
A geologist's advise on ground-water tables is especially useful in locatipju 
reconnaissance. It is also needed in determining effects of any rock formations: 
essentially to avoid extensive blasting work on cut and fill operations and the 
danger of JandsFides and rock falls, particularly ^where^clay or shale layers are 
present. Some knowledge of geology helps in identifying Xrou^Dlesome rock forma- 
tions and high f - \ - tables. 




(simultaneoasly) (2-26) 
FRAME 2-27, 

A magnetic compass, hand level or clinometer, and metallic tape are the only 

surveying instruments normally used in establishing a 

location. These instruments are useful in obtaining data concerning alinement 
and grades. ' ^ 



y 



•a ■ \ 



(centerline) (cross sections) (earthworth) (2-38) 

FRAME 2-39. " 

All pertinent data is plotted on a which is drawn to 

summarize the preliminary s^urvey. Soil classification data at ^ 

. \ ^ are inclucied on the map. 



/ 

* r 



/ 



(existing) (2-3) * 

FRAME 2-4. . ' 

*A road reconnaissance is made to obtain information about existing roads^, 
primarily for immediate use and establishment of a route/ It may include estimates 
of the practicability of improvement, and the engineer work in conditioning a road 
to accommodate specified traffic and loads. DA Form 1248 (panel 2-1) is used to 

report the information obtained. T^^s type of reconnaissance is called L 

reconnaissance and is limited to roads. 



(ground- water) (2-15) 
FRAME 2-16. 

Rock formations are also important considerations in location reconnaissance 
as possible natural foundations or as possible quarry sites for construction 
materials (fill, base course, and surface tourse). When rock formations Ve^^used 
as a foundation, drainage problems and possible failure in localities of caven^s 
limestone are possible. There are four considerations concerning rock formations 
which should be noted in location reconnaissance: (1) Suita^ty as natural 

foundations, (2) possible quarry sites, (3) , 

tables, and (4) excessive. work; 
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(hasty) (2-27) 
FRAME 2-28. 

m 

Consistent with : ^requirements, hasty location is governed 

by the character of the soil and topography which will require the least construc- 
tion effort for and grading. 



(map) (typical) (locations) (2-39) 
FRAME 2-40. 

The degree of accuracy with which the . survey is con- 
ducted is determined by the given situation. In the final analysis, however, ita 
accuracy will influence the extent of the . survey. 
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(road) (existing) (2-4) 
FRAME 2.5* 

A road is no better than its worst obstruction. Logical procedure for im- 
'T)roving existing roads, therefore, is to reduce the most limiting bottlenecks first. 
Obstructions noted during road reconnaissance are reported in Section III of DA 

Form 1248. For example, the grid references for grades steeper than , — 

percent are reported. 




(3) ground-water (4) blasting (2-16) 
FRAME. 2-17. 

Water is necessary for construction work as well as for personnel. The 
quantity, quality, and accessibility of : sources should always 



be determined in a location reconnaissance. 




Set 3. Deliberate Location Methods 



(tactical) (drainage) (2-28) 
FRAME 2-29. 

^Deliberate location is the careful selection of the best route for a road. It is 

usually confined to rear areas and the construction of main supply roads* 

location is based on an engineer "study including evaluation' of several possible 
routes in terms of design standards and location criteria. 




(preliminary) (final) (2-40) 
FRAME .8-41. 



From the data secured in the preliminary survey, a final specific location 
must be selected for the new road. This entire operation is called 
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7 (2-5) 
FRA^fB 2-6- 

Section II of DA Form 1248 prpvides for detailed information on ajinement, 
drainage, foundation, and road surface. The back (Section IV) of the form 
provides a detailed . 



/ 

(water) i2-17) 
FRAME 2-18, 

Vegetation affecting clearing and grubbing work is noted during location 
reconnaissance. This is termed timber cruising. Also, the effects of clearing on 
camouflage and availability of tiniher for construction may be significant. Timber 

cruising is the reconnaissance activity that estimates the amount of 

and involved. 



(deliberate) (2-29) 
FRAME 2-30. 

In planning deliberate location of aM-oad, the control points (locations or 
conditions which more or less dictate the trace of the road) are identified. 
Naturally, the terminal points and the intermediate points through which the 
road must pass are primary 



(final) (location) (2-41) 

FRAME 2-42^ ^ 

-Final location, is based on an evaluation (weighing) of the elements of 
alinement, grade, and earth'worii involved in the proposed location. These factors 
\7ould be ^ — ^ to find the most practical route for constructio 
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(mileage) (chart) (2-6) 
FRAME 2-7. ' 

' The purpose of periodic road reconnaissance is to maintain complete data 
on the condition of roads currently in use. The information obtained is normally 

^ posted on a^situation map. ,To insure that roads are NOT maintained longer than 
needed, ^maintenance requirements based on road recon- 

naissance are coordinated with the principal users. 



(clearing) (grubbing) (2-18) 
FRAME 2-19. 

Ease of future maintenance is a factor. In areas of rain or snow, locating 
the road on the sunny side of slopes and canyons minimizes the possibility of 
the road's becoming impassible for long periods and eases work. 



2-15 / 
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(control) (points) (2-30) * 
FRAME 2-31. 

Impassible lakes or swamps are also classed as ^ control 

points. Deep organic soils in marshy areas should also 'be noted because roads 
built in such locations take extraordinary ei¥ort and are likely to fail. Once these 
features are located, the engineer may sketch or visualizejhe most direct remain- 
ing route^etween the essential terminals and intermediate points. 



(weighed or evaluated) (2-42) 
FTIAME 2-43. 

All tangents and curves involved in the horizontal positioning of the rpad are 
<:onsiderations of ! ; the rates of changes (elevations) in- 
volved in the vertical positioning profile, of the road are considerations of 

r 

; arid the extent of cuts and fills to be made are considera- 
tions of _ . *" 
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(periodic) (2-7) 
FRAME 2-8. 

In active military operations, new road construction is avoided whenever 
possible, and in all ca^es it is Held to the necessary minimum. If determining the 
location of a new road is involved, the specific tern|^s location reconnaissance, 
Only^ter the possibility of using an, existing road has been eliminated, is tht 
construction of a new road undertaken. When a new road is determined to) be 
necessary, the first step is ^ ^ reconnaissance. 



(maintenance) (2-19) I 
FRAME 2-20, 

At times, tactical and engineering considerations are in conflict with the best 
location based on the preceding criteria. In these cases, the location criteria must 

be subordinated. An overriding consideration, for example, 

is that the road must be ready for use when the situation requires it. Improve- 
ments may be effected at a later date. 
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(primary) (Intermediate) (2-31) 
FRAME 2-32. 

Secondary control features are those which present the most likely places 
for the road and which avoid difficult construction. Saddles or gaps which permit 

crossings betweien ridges and river-crossing points are examples of 

control features. Where a road can follow general contour directions, construction 
is usu^ly easier. Such^sections become tertiary control features. ^ 



(alineraent) (grade) (earthwork) (2-43) 
FRAME 2-44. 

Two methods are employed in final location — field location and T)ap€r 
location. Working out the location of the road on the ground, using the pre- 
liminary survey alinement and profile as a basis for development would/be 
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(location) (2-8) . . . . , . 

FRAME 2-9. * * , ' 

, ■ I J ' 

Location reconnaissance has" as its main, objective that location of a ney 

road that wiirhold up under anticipated traffic and provide .bptimuja^'o^ating; 

conditions with a judicious expenditure of engineer effort. Severa} locatiwi prUeria 

are followed as closely as possible during (1) ^ reconnaissance 

Sometimes one factor has to be weighed against another since few locations meet 

all (2) . . ■ ^ 

• . ^ ■ 



1^' 



(tactical) (2-20) ^ ^ 
FRAME 2-21. ' - 'V . 

Convenient^ sites for devdopment as bivouac areas and s^ply points may be 
important tactical requirements, as well as provision for artillery^ and .armor unitlb 
to leave t^eroad to fire emergency missions. The latter would ^Iso enal§ traffic 
using the road to take cover in the^ event of an air attack. These tactical needs 
may; require disregard of certain favorable location — ^ . 




> ft 
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(secondary) (2-32) 
FRAME 2-33. 

The engineer study is NOT confined to single possibilities, but visualizes all 
alternate plans and the connecting of control features in various conceivable 
fashions. When certain control features must be. ignored in selecting t\i^e final 

/location, tertiary features are discarded before secondary and 

features give way to . 



(field) (location) (2-44) . , 

FRAME 2-45. . ' . '' ■ 

Planning the location on a topographic map; preparing suitable plan, profile, 
and cross section drawings; and then staking' out the .lilanned location on the 
ground according to the drawings would be- : "• . • ^ 



f < * 

4 f 



7-'. 

(1) location (2) criteria (2-9) • , ■ ■ s 



FRAME 2-10. ,. . ; / 

Locating portions of the new road along and p\er existing roads, railroads, 

or trails Is always a primary goal. The use of facilities 

shortens construction time and, in many cases, provides better roads than can 

be built from the ground up in the limited , available during 

combat operations. 



(criteria) (2-21) 
FRAME 2-22. 

In some cases, economy of engineer effort may dictate choosing a location 

with less desirable location . Where the anticipated life 

usage falls within a predictable dry season, the criteria for . 

may be disregarded. 
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(siecon^^n):) (primary) (2-33) 

Fb)vME^^^2-34. . ' - 

N \ 

F/)r eachXoad location visualized, the engineer considers the various location 
\ \ • 

criteria^clearm^:, cuts and fills, drainage, alinement, and so forth. Most of the 

work to this pcirtt can be done from maps or aerial photographs, which then 

indicate where detailed : reconnaissance can be directed to- 

,\ * 

ward the most pi\)mising possibilities. 



(paper) (location) (2-45) 
rFRAME 2-46. 

Paper location permits adjustments aimed at securing better alinement and 
^ obtaining less severe grades, as well as simplifying drainage problems. It is easier 
to adjust the and [ on paper thani to 

V 

experiment on the ground. ^ 



(existing) (time) (2-10) 
FRAME 

Topography, (panel 2-2) is especially important to road location in moun- 
tainous terrain, where changing alinement and extensive grading (cut and fill) 
are usually .necessary. Natural contour or stream lines are followed so far as 

practicable. When a road must cross a ridge between two valleys, 

is a criterion of particular importance. 



(criteria) (drainage) (2-22) 
^' FRAME 2-23, 

Map reconnaissance and ground reconnaissance are two methods used for 
determining road locp^tibn. Study of maps and aerial photographs can readily 
eliminate obviously undbirable routes^ and indicate one or more possible routes 

^here _i \ reconnaissance might be made, minimizing wasted 

effort. lit the final anal;y'sis, reconnaissance supplements 

ground reconpaissance., and one or both are employed with location reconn^is- 
sance. . j 



(RFound) (2-34) 

FRAME 2-35. if 

Actual ground reconnaissance of the site (of sites) tentatively selected, con- 
centrates on specific information requiring close scrutiny. For example, grades 
to be encountered are estimated, and timber cruising determines the clearing 
effort required by sampling 10 percent of the area. Tree diameters at breast 
height (DBH = 4.5 feet) are recorded along the clearance width of the proposed 

roadway. Timber cruising must be done by J reconnaissance. 

Sampling 10 percent of the area and applying the result to the entire area is 
usually sufficient coverage. In sm^U areas a 100 percent cruise may be made. 
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(alinement) (grades) (246) 
FR.AiME 2-47. 

If time permits, the paper location method of determining the final location 

of a road is preferred. The time spent in the preparation of a * • 

. is repaid in better alinement and 'is directly reflected in both 

the decreased engineer effort needed for construction and the increased traffic 
capacity of the finished roa.d. 




(topography) (2-11) 
FRAME 2-12. 

Curves lower traffic capacitx .nstitute hazards, particularly at the bot- 

t 

torn of hills and on steep grades. S. rp curves at the |nd of long straight sec- 
tions of road (poor aliBement) are also dangerous. , Road 4 is a 

particularly important criterion for road location in ruggec^rterrain. ^ 

fi 

Turn back to bottom of page 2-3. 



Set 2. Ha$ty Location Methocis 

(ground) (map) (2-23) 
FRAME 2-24. 

' In forward areas, the tactical situation usually requires the hasty location 
of a route over which the road^can be most rapidly and easily constructed. Time 

is most always the controlling factor, therefore, . 

is largely j^sed on a study of maps and aerial photographs. 

Turn back to top of page 24. ' 
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(ground) (2-35) 
FRAME 2-36. 

Soil gradations, stream conditions (width, depth, and velocity) at crossing 
sites, availability of construction materials, and approximate balance between 
cuts and fills are among other items recorded. Ground reconnaissance may. un- 
cover discrepancies in the from which the site was ori^ingiiy 

selected. The effect of such errors on the selection must be considered. " 

Turn back to bottom of page 24. 



(pmfier) (location) (2-47) 



END OF FRAMES 
PANELS AND SELF TEST FOLLOW 
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Panel 2-1. Example of a standard road reconnaissance report. 



ROAD RECONHAISSAMCE REPORT 



TO* (W « *rftw>lf otd»f\tst rmconnmlmmmnem) 

s-z /rs-*f< £CB 



^ROM (ffmmm, <r«d« mnd iM>H ol otttcmt or NCO m*»klf*t r*cofWMl«««nC«; 



a, C OUnTM V 



6 »CAuC 

2S'ooo 



C I^I^Cr NUUft£R OF MAPS 



2 OATE/T IME GROUP 



SECTION I . GENERAL RDAD INFORMATION 



4. ROAO MARKING fClvllian or MUllmry nuw^bmr ot ro«<0 

t. WEATNCR during reconnaissance T/nclud. r«*nr«li. i/ *T>o««n; 



S. LENCTN OF ROAO 
(Mtlat or kllomafft 
•pretty) 



WIOTK OF ROADWAY (F»»t or m»ft; »p»ctty) 



RCCDHH4>5SANCE. ' 



OATK 



f IME 



SjECTION It . DE^tilLEfo ROAD INFORMATION (T4'h*n circunnunc©* pornii/ mofe dmimtled intorrnmtion witt bm mhnwn in «n 



1. • ALINE MFNT7trK«ck on* OnL'Y) 


10. , OR AlH AGE. (Chmck ona ONLY) 




lt» FU C^AOlCt^T* AND EA»V-CUW;VC» 


\y 


U> AOEQUAfE OITCHCI. CNOWN/CAMBC^ WITH A^bCQuATC 

CUUVEHTS IN GOOO COnO^TION 





(tX*^CCP cnAOtC«4t> rta*ci#« o/ ' in lOOi \ 




l»l fHA»«P Cu»«vCt,<l?*(ii7« Jssr 100 /I fjymjj * 




UJ INADEQUATE OITCHES. CROWn/C AM^SR 0^ CUUVC^TS, 
IT« CULVERTS OR OJTCme* ARE BUOCKEO OR OTHER- 
WISE IN POOR CONDITION 




U> fTCCP ORaOICnTI AnO */4Anp CURIf ei <' Y 



FOUNOArlON/fC^•cfc o«« Of4LY) 



|t> ITABfCtZCO COMPACT MATERFAC OF GOOO QUALITY 



12J UNSTABLE, LOOSE OR EASILY OiSPLACC^O 
M A T ER I AL 



■SUPFA'TE DESCRIPTION (Compl»tm |J» and 6J 



TmE surface 15 iChmck on« ONLY) 



/ 


m rf^cc OF- potholcs. oumps, or ruts likely to 

flEOuC£ CONVOV 4P€£D ^ ^ 




lainoMPy.RuTTEOOR potholcotoan extent likely 

TO RCOUCE CONVOV SPECO 




t/VpE of luRFAC E fC^•c* on» ONLY) 




(11 CONCRCTE /* • ' 




K%) WATEROOUNO MACAOAU 




lai bituminous (Spmcti/ lyp» ■^•f *r»oy>nJ 




t7> GRAVEL • 




see: /viilkfi^(^S CH^fCr 




!•) ligmtCy "CTAllEO 




Ut NATURAL. OR STABILIZED SOIL. 9ANO CLAY, SHCLU, 
CINOERS, OI>tN TCcn A TCO CRANrTE. OR OTHER 
lELECTEOMATCRlAL 




1^1 BRICK (Pmvm) 






(4) STOnE (P»^») * 




n-OKOTHER iDmmctibm) 




111 CMUSHEO nOCn OR CORAL > 







SECTION III • OBSTRUCTIONS (Lft m th» coluim* b»low p«/tlcuJ«/« oMh* tollowinj obaimcflon* w^ieh •//«! I jr«fffc cmp^clly ol m tc»d. 
f U tnlotmmtlon ol mny l«clor cmnnot ••c«rf«ln«d. tn00tt"r/OT KNOHN") 

(m)'0¥»thmmit ot»lnjclton», /••• I/mh M or 4 25 meter*, auch luinaf*. bridf**, overhead M^ree *nd ovmrtimniini bulldinta. 

(b) Radictlone <« ro«d tv»dih# wt\ict\ Umll tha fr»//ic c«p«cil^, auch cr«<«r*. narrOM* 6rldJ**. mrehwaya, ar>d building. 

(c) E mc»»»l¥m tt»fHtM» (A6o¥» ^ In 100) « o 

(d) Curv r/Mwi IOOI»»i (JO m*t*i») In tmaiua) 

(m) roed» ^ 



SERIAL 
NUMQCR 



pa;)ticula1)S 



GRID REFERENCE 



DA .Tc"« 1248 



PRCvioutcotTiONor TMiSroH^is oe»o«.crc 
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Pam\ 2-1. 



Continued. 





SECTION IV . MILEAGE CHART 






HOiJJt 


»CAIC 


DAT« 










ROAD mrORMATION 


DISTANCE 


ROAOr INFORMATION 




KILOMETERS 



REMARKS 
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Ponel 2-2. Considerations of topography in rood bcation^ 




Panel 2-3. Preliminary Survey. 



1. The purpose of a preliminary survey is to furnish data needed 
for final location studies and decisions. It includes^ but is not limited to 
the following: 

a. Establishment of a tentative centerline, staked put to the 
degree of accuracy required for the given "situation. 

b. Prominent terrain features (such as marshes, swamps, rock 
outcrops, or dense woods) which influence centerline location are plotted. 

^ c. Elevations of key points which determine grades are plotted, 
and cross section elevations, sufficient in number for making earthwork 
estimates, are determined. 

d. Field classification of the soils encountered. 

2. Usually a map, showing the proposed centerline, the elevations 
of key points or contours, significant topography, and typical cross sec- 
tions, is drawn. £o summarize the survey. Soil classification data is shown 

^at typical locations on the map. 

3. " Sometimes the preliminary..§urvey Beconaes an almost indistin- 
guishable part of the final sufVeyTfeGt Usua^lly it is\eparate and distinct. 
The care with which the prejiniinary sui*vey,i^., accomplished, however, 
influences the extent of the fiifaK survey, ' v. 



Panel 2-4. For use with exercise 25.^ 

i- 




LESSON 2 

SELF TEST 



Note: The following exercises comprise a self test. The figures following each 
question refer to a frame or panel containing information related to the 
question. Write your answer in the space below the question. When you have 
finished answering all the questions for this lesson, compare your answers with 
those given for this lesson in the back of this booklet. Do not send in your 
solutions to these review exercises. 



1. Roads permit mobility essential to success in military operations. In 
selecting the route for a military road, what is the most important factor to consider? 
(frame 2-1 and 2-3) 



2. The road reconnaissance obtains information about existing roads. What 
information does such a reconnaissance aim primarily at producing? (frame |-4) 



ERIC 



3. What items of information reported on DA Form 1248 properly belong in 
section II? (frame 2-6^^nd panel 2-1) 



4, ,Whal, are the reportable items of section III of DA Form 1248? (panel 2-1). 

'- 1» ^ _ 



0^ 
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5. Periodic road reconnaissance provides information ho keef) the situatiori map 
up to date. Why do vngiiieers need to coordinate this jictivity with units using, the 
road? (frame 2-7) ■- ' ^ 



-7^ 



6- Reconnaissance for a new road is made only after all possible existing roads'; 
have been eliminated from consideration. What t^pe of reconnaissance is the first 
step for a new-road construction? (frame 2-8) 

d ' - 



lowing: 



In locating a portion of a new road, support your choice bf one of the fol- 



a, through a flat wooded area' . ^ ' \ I 

3mt « 



b. on an abandoned railroad bed 

c. " along the side of a ridge 



d. over a ridge betwejen two valleys' ^ (fpamet2-10) 



8, The reconnaissance team must know about Soils to locate the road on stable, 
well drained soils of high bearing quality. What type of soiLmakes a po6r roadbed rf 
present in appreciable amounts? (frame 2-13) 



9. From an engineer viewpoint, Explain w^hich of the following sites wojjld 
probably afford the poorest orainage. ' / ^ 

a. parallel to the^bink of a river . , . 

b. through a flat wooded area r-~-" 

2-^33 ' , ' ' ' 



c. an abandoned railroad bed ^ 

along the side of a ridge (frame 2-14) 



10. In making a location reconnaissance it is essential that certain terrain 
characteristics be identified. Explain where a geologist's advise might be helpful, 
(frame 2-15). ^ • . ' 



c 

11. Besides possible use as a natural road foundation, which considerations 
should be noted Avith regard to rock formations.^ (frame '*2'l6) , 



\ 

i_ 



12. Why, is tfie criterion of locating roads on the sunliy side of slopes considered 
good pracfice? (frame '2-19) 



13. Under what conditions should locaticfti criteria be subordinated in favor of 
tactical considerations? (frame 2-20) ' ^ - ^ 

■■ --^-^^ : 

a :^ . , 




J- 14. Roads should be located so that' vehicles, can leave the road easily fre- 
quent intervals. 'What is the purpose of this consideration? (frame 2-21) " 
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15. What is the working relationship between map reconnaissance and*^ground 
reconnaissaace? (frame 2-23) 



16. The selection of a route for a road in a forward area (hasty location) is 
largely based on a study of map and aerial photographs. What usually supplements 
this study? (frame 2-25) , . ^ ' 



/ 

/ 



\ 



17. In deliberate location an engiiieer^stucTy is made to determine the -bes^ 
route for a new road. What considerations should l)e includ'ed in the engineer study? 
.(frame 2-29) ' • , 



"18..^ Certain features along a proposed route control road location. For example, 
the lermihal joints where it btarts and ends are primary control points, Oescri.be 
.other^^^imary (Control poiats. (frame* 2-30) 

^rr^ — X 




issified 

example of third order cohtrol features'^ (frame 



19. An indication of how features are classified is by importapp^^ pi^^-any' 

; 2-32 and,^anel 2-2) ^ 



20. Thf cngiru'iT visudli/ob* alternate plans ancTjsometimes must favor certain 
control features over otheri>. When certain controP features must be ignored in 
selecting the final location, bome control features are discarded before 6thers. \Vhat 
Ls the order of importance of. control featut'es with respect to final location? (frame 



'''^21. When a road through a wooded area is considered, the clearing effort 
involved is usuallv estimated b> timber cruising. What is the normal basis, in percent, 
for such an. estimate? (frame §-35) 



22. Usually, a preliminary survey is made t6 'furnish data for 'final location 
studies and decisions,^ In which, way is the preliminary survey usually summarized? 
lframe^2-39 and panel 2-3) 



7^ 

/ 



/ 



>> 



y - .o"23. Jrt determining^he final location^ of tbe/oute for the road, certain elemeats 
' are weighed to find the. most pr"actical rout/4. List those elements which must be 



/^^/ evaluated, (frame 2-42) -'t 



7^ 



24. The two^ methods .of determining final location for a road are field location 
and^Aper location. If time permits, the pSper location n\ethbd is preferred. What-is 
the principal advantage of the paper location method?' (frame 2-47) 



4- 
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25. Panel 2 4 is a map indicatirtg four possible routes for a new road connecting 
with existing roads at\X and. Y. Weighing the location criteria, which is the best 
route for final location bf the road? Explain >our choice, (frame 2-34 and panel 2-4) 




/ ^ 



' ' ' ' _ LESSON^ . ' . / 

AIRFIELD RECONNAISSa/cE AND SITE SELECTION 



■ CREDIT HOLWS __. . 2/ . j ' 

> // 
- TEXT ASSIGNMENT . ^Attached Memorandum, 

' * ' , J ■ " -• ' 

LESSON OBJECTIVES ' 

U^on completions of thi^jlsson, you should, In the following subject^areas. be able 

^' "^yP^f/Pt^ elements q/airfield reconnaissance -.Describe the difference between 
airtield and road re96nnaissance, explain the classifications -of^airfield reconnais- 
sance (area specific and hasty or dejiberate).^nd tell of the importance of proper 
briefmg and tirtiely reports.- ■• j ^ ^ . 

' ■ ■ . • ■ ° 

' ^' 9iTVi^\d. reconnaissW - Describe and explain the six steps involvednn 

airfield reconnaissance (planning, briefing, preliminary study, air reconnaissan^ 
ground reconnaissance, and reporting). ' ' , 

3. Map reconnaissance, and airfield siting template - Discuss the' need for 
preliminary studies and the procedures used in map reconnaissance, -to evaluate • 
potential^ Sites apd demonstrate the use oilhe siting temj?late.' ' ' 

4. Air reconnAissance - DescriHe the air reconnaissance team, Ehe job of the two 
^ members, and the procedures followed in an air reconnaissance. 

, 5. Ground reconnaissance - Describe, the^equente of a ^ound reconnaissance, jobs 
re^uirpir major items -to verify, rough sunveys, and the general" proceduVes 
. followir)^ rough sui;veys (runwa^ location and staking of centerline). * " 

6. : Reconnaissance, reports -'^Explain the pr.ocedure used^ making reports and 
•be able to fill out reports of air recorfhaissances, of undeveloped airfield sites, and 
captured enemy airfields.'- . ^/ , . " " , ^ \ f 

7. Basic site requirements - Describe the site ielection process knd^he m'ajor 
requirements fQr airfield sites. • ■ ' , 

h.- AppUcation' of site selection requirements ^ Apply the various c^Viderations . 

required -jn site selection (availability a<(^- adequacy of suppFy^rou^es, approach 
^ zones mental hazards, meteorological conditions, hydrological conditioirt. top^ 
J ography. soil characteristics, ground defense, and watei^) to analyze the seleetion 

of a- given airfield site. . » , 
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Set 1. Types and Elements of Airfield Reconnaissance. 

^ ' \ 

FRAMK 3-1. . ' 

Airfield rcconnaissanct' differs from road location re^connaissaru-c in two rtiajor 
considerations. First ^ an/iirfield project' involves more manhours. more equip- 
mieht hours, apd more material than a road project. Secondly^ - air traffic, by its 
very nature, ir.poses more severe design, cfiteria (see panel 1-4. lesson 1) than 

does vehicular traffic. In the interest of overall economy,' l 

reconnaissance requires 'an even greater degree of 'certainty that the site selected 
is.the best site availablenha/i does ..^ _ ^ _ _ location reconnaissance. 



/ 

/ 



(air) (ground) (3-16) 
FRAME 3-17. ^ . 

The last step in airfield reponnaissance is that of d) 



This is a continuing requirement and the importance of prompt, accurate, and 
complete reports cannot be overemphasized. Reconnaissance reports must be 

submitted' to higher headquarters in accordance with the (2) !- - 

/ 



schedule, established during the briefing step. 
ji * 



f 



J 
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Set^S. Ground Reconnaissance. 



(passes) (questions) (18-32) 

FRAME 3-33. V. ' ^ 1 . ' ^ • % 

A previously discussed, airfield ground reconnaissance is preceded b>; two 

other^ types of reconnaissance. ' These are' ^ and 

reconnaissance. It was seen that these tv/o typ.es of reconnaissance discover or 
reveal those specific site's that merit -j-. reconnaissance.' 



■J 



\ 



(possibility or potential) (expansion.)' (3-48) 

FRAME 3-49. ' ' - ° ' 

In general, the factors to be considered in site selection for an Army airfield 
are less demanding than those required for high-performance aircraft of the 
Air Force. Army aircraft are light nT>^^ight, have a very low tire pressure, and 
require" very short ground, take .pff and landing run^. Therefore, Army airfields 

can be corrstructed.with shorter and narrower _^ " Less grading 

is ne<essaxy*and steeper slopes may bemused for Arniy airfields; (See panel 1-4, 
lesson 1.) - ^ ' \ ^ . . ^ 



.(airfield) (roa^l) (3-1) 
FRAME 3-2. 

It was seen that roads had to be both feasible engineering-wise and adequate 
to accommodate the vehicular traffic to which they would >Be subjected. So must 

airfields be both feasible (1) . ' « '^j^^j' 

suitable f or ^he air traffic which .win use them. .T)ie difference is one of (2) 

. ; air traffic imposes more severe (3) \ 

than does vehicular traffic. 




4 



Set 3. Map Reconnaissance and Airfield Siting template. 

(1) reporting (2) time-of -report (3-17) ^ * 

FRAME 3-18. / 

-Asa part of its (1) _ . (frame 3-12)'; 

the reconnaissance party conducts a map reconnaissance of the area or site in- 
volved: When the land or sea front is advancing rapidly (2) ^ 

— IS also advantaCgeous in selecting tentative airfield sites 



within enemy territory. These sites may be either undeveloped potential sites pr 
operating enemy installations. 



(map) (air) (Kr(\un(l) C3-33)^ ^ * 

ERAMi: 3-34. ' * ' ; , 

in air reconnaissance (frame 3-29), enroute to the site to be investigated, 

the Vconnaissance party should note and properly record 

routes. Th-v vvoulcl^also no[e tl?e location of 

the position of potential w?ter points. \ 



materials and. 



(runways) (3-49/) ; 

FRAME 3-50. , mt^ 

For effi^ent operation, aii Army airfield ahoj^ be located near the unit it 

supports. Generally, the*eloser the unit air installation is to its unit command 

» 

post, the more (1) the unit commands* can use hia aviation 

section to assist the (2) / mission. Therefore, an Army 

airfield must be located (3) 4- the unit it supports. 



3-6 .. 



(1) enKineerinp;-wise (2) decree (3) desij;n criteria (3-2) 
FRAME 3-3. ■ 

Airfield reconnaissance may be classified as eitheV area reconnaissance or 
specific reconnaissance. The first of these classes'lSi^^ to ^ search conducted 

over a wide . to find a suitable airfield site. T^ie second refers 

to an investigation of a site, such as a captured enerny\ 

airfield, or a particular undeveloped but potential airfield location. 




(1) preliminary study (2) map reconnaissance (3-18) 
FRAME 3-19, 



For best results, map reconnaissance must be conducted in an orderly fashion 
,( panel 3-1). The fifst step in map reconnaissance is to select the 




of the area in which the 



new airfield is to be -located. 




0 



(access) (construction) (3-34) / 
FRAME 3^5. 

When a definite site is involved, a more detailed observation of access routes 

should be made: For example, (1) . capacities and (2) 

clearances must be diecked; the capacity and suitability 

of railheads and sidings for uqe in connexion with the construction must be in- 

•vestigated ; anda detailed/eport of the'(3) and (4) 

of construction materials must be prepared. 



(1) efficiently (2) unit (3) near (3-50) ^ . ''^ . ' ^ 

FRyiE 3-51. , • 

All exi&ting facilities within the allowafcle area of site selection such as roads, 
abandoned airfields, parking areas, buildings, and so on, should be investigated. 
The use of loi^ straight stretches of^xisting roads as a ''center core'' for an 
airstrip shoul(i be considered, especially where existing ro^ds occupy the only 
favorable site within an area. An important basic requireRfent in airfield 

" : is the investigation of all 

facilities. • ' i ' ^ 



(area) -^(specific) (3-3) 
FRAj(l»^3-4. 

With respect to comprehensiveness, the recomvaCissance conducted in con- 
r^ection with an airfield Ibcatidn may be described. is either hasty or deliberate. 
^"^Thei^e term^ have meanings here similar to their meanings with a road location 
reoonnaissance (frames 2'-24 and 2-29, lesson 2 )» A site selection based largely 
on a study .of maps And aerial photographs y^uld be^called a 



location. The careful selection of a sitei^ased on a comprehensive and complete 



reconnaissance would be called 




lofeation. 



\ (bhsid (topographic) (mapV C3-W> , • . 

FRAME '3-20. ^ ' * ' 

Panel 3-1 pertains to frames 3-20 through 3-23, Existing airfields are marked 

.with a , -mile circle;- high-tension electric lines are marked 

with a 



-mile wide strip. These areas should be 



.er|c 
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(lUbri(l«o (2) ()\t>rh('id ("S) quantity (4) quality (.S-itt) 



FRAME 3-36. ^ . , 

The runwaVjis obviousl}^ tlfe^most important part of the airfield. Therefore, 

when the site is^reached. the rpost hkely possibihties for a I 

arq first investigated. If the terrain is suffiaienth open to permit good observation, 
t\ese places may he quickly deterniined. 





(site selection) (existing) (3-51) ^ " . 

FRAME 3-52. ' 

. Except for forward or support Army flight strips, airfields require concen- 
trated materials and equipment; usually tactical situatiotis demand construction 
vnthin 72 hours. Therefore, one aim of site seliectioa must be.tl>at ofinsuring that 
adequate supply channels (access routes) by lantj, water, or air are'^vai^ble. 

The more channels (1) '_ to 'the site, t^ simpler the supply 

problem, ^he distance to the nearest railhead should be checked as should the 
(2) of tfie surrounding road net., ^- 



(hasty) XdeUberaUO (8-4) 

FRAMfc 3.5! , . , ; ^ f 

For most efficient operation, the overfill recot^nais^sancCjUn must be properly 

<5oordinatod wjtli all the various headquarte'rf* inv.plv^ici. . Tl}^ responsibility, Ahere- 

fore, for the reconnaissance effort canYiot be-th%t pf t*he indivicl'ual reconnaflfe&nce 

party alone, but* inust be through., the various - * % ^ ;^ 

♦ * ' * - " * ' • .1 

interested. ' - . , , y-, . . 



'\'. 



..(5) ,(2). (shaded >-43-2.0> • - 

- '^ '-The riextrsto^plisJLorjd^h^i'ly* §jili sujxa'bly ri^ V^--^ 
^ obstrijGtidhy such.as : ^<^\x\^trk, .A^?alia-of* (S) 

sTiQuld be usedjojcdefq^imn^he diajbeiers^T^^leij mry-lc sych obstructionfi.. 



l_^\air other 



• • 



- • * - * — ^ ^^J^ 1 - " I ' ^ - * 



(runway) (3-36) '- ' ^, • • . 

FRAME 3-37. •• 

A rouji;h>ilrvey oreachj. selec,ted runwa> possibility is carried out immediately. 
Leng^ths are paced or if possible are traversed ty vehicle, critical slopes are 
measured with a clinometer, and directjons are determined with a magnetic 
compass. The type of soil is noted, and hasty .observations of a few samples are 

made. A ^ of a runway possibility can 

be made in 15 minutes or so, if the terrain is reasonably cl^ar and open. 



\ 



(available) (adequacy) (3-52) 
FRAME 3-53. 

Fre.e&om from interfering obstru'-^ions, particularly in the approach zones, is 
another criterion of site selection. An airfield site free o^ 



around the whole field is preferable, but an approach zone with no obstructions 
at, each end^of th^ flightstllip (panel 1-3, lesson 1) meets minimum requirements. 
Obstructions such as towers, pole lines, and stacks can often be reipoved; trees 
obstructing the approach zones and safety clearance zones must be removed^ 



ERLC 
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9M 



(coordination) Chea<lquarters) (3-5) 
' ITlAMfe 3-6. 

Reconnaissance missions must be based primarily on user requirements, which, 
m turn, are often governed by the* tactical air support requirements of ground 
forces, j^he various headquarters must maintain close liaison with the Air Force 
and with each other. Each must know what reconnaissance the other is doing or 

^- -has a. need for. A lack of proper . ' results in a wasteful ' 

duplica^tion of effort on some/areas or sites, while needed 

on other areas or' site5 ^oes undone or is inadequately covered. 



(1) Shade (2) radio (3) 50:1 (3-21) ' 
FRAME 3-22. 

After the (1) airfields a'nd (2) 



have been appropriately marked, the study for the selection of potential new 

airfield sites is (3) to the (4) portions 

of the map. * » 
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(roii^h) (sur\(\v) (3-37) , 

TRAME 3-38. . ^ * ^ ^ 

In the event the terrain is npt sufficiently open, the reconnaissance officer, 
accompanied by appropriate personnel, follows the perimeter of the area usalble 
for runway and dispersal afeas. He notes on a large scale map or sketch all 
'obstacles which cannot be easil> eliminated. A comparison of the reconnaissance 

notes discloses the^possibilities for location and a " 

is yien made, as for open country. 



(obstructions) (3-53) 
FRAME 3-54. 

Besides manmade and natural Obstructions, there may be situations and 

layouts which might present a mental hazard to the pilot. An airfield on a plateau 

with stee.p sides falling awav immediatel> beyond the overruns may have perfect 

approaches, for example, but pilots will always land'well down the runways. A 

canel, ditch, or pole line at the end of a runwav has the same effect. Such situations 

J 

would be said to pxesent a - — ^— The result 

of these reactions is equivalent to a shortened runway. 



3-- 14 



(liaison or coorilinatijon) (im oonnaissance) (3-6) 

FRAME 3-7. / ^ — ' 

Airfield reconnaissance requires more engineering judgement than an\ other 
type of engineering reconnaissance. If is most unusual ((>t ^>ne person tu be 
proficient in all the items which a thorough reconnaissanctNmust include. The 
party nlust be made U[) with due regard for the conditions it is likel\ to encounter. 
As with location reconnaissance fur a newc^oad (frame 2-lf), lesson 2). a competent ^ 

soils engineer or . is a valuable men^ber of the reconnaissance 

party. 



\ 



(1) existing i2) obstruefions (3) confined (4) unshaded (3-22) 
framf: 3-23. ^ 

The desirable features to look for in select^g potentra,!* new sites are: (1) 
_ _ areas with good natural (2) . ^1 ^ , un- 
obstructed air (3) ____ _ „ . _, and proximity to (4) l 

routes. " J ^ 



^1 

3-15 
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(runway-) (rou^hr (suney) '(3-38) 
FRAME 3-39. 

The best runway location, is Selected by considering the r^Dugh survey in- 
vestigations together with such other criteria as prevailing wind directiQn, 
approach zones, glide angles, and the clearing, grubbing and earthwork involved.. 

The clearing and grubbing effort is estimated by^: ! 

the same as for roads (frame 2-18, lesson '2). 

r 



(mental) (hazard) (3-54) 
FllAME 3-55. 

Meteorlogical conditions must be'considere'd in site selection. Wind, rainfall, 
fog, snow and frost are all meteorlogic^il conditions. The Air Force All Weather 
Service (AWS) maintains meteorlogical information for all populated areas of 
the world. Such data can also be found on both military and civilian maps, 
especially those prepared by marine and aeronautical agencies. The engineer 

must collect and evaluate all , information as a criterion of 

site selection. 



(KeoloKist)|^(3-7) _ 
FRAME 3-8. 

, No reconnaissance party, however well qualified it may be, can satisfactorily 
perform a mission unless it is fully informed (briefed) as to 'just. what that mission 
is. The party must knoW - the type of airfield Bite for which it is reconnoitering, 
whether any site has been tentatively selected, of' if some information has already 

been determined from preliminary study. Proper is essential 

to the conduct of airfield reconnaissance. j 



(1) flat (2) drainage (3) approaches (4) access (3-23)^ 

FRAME 3-24. ^ ^ ^ * ^ 

A siting template is used to deterniine if the approach zones meet the 

glide angle requirements. This - ^ can 

be drawn on acetate to meet the glide angle specified, and the scale of^the map 
employed. The template, when^ placed on the map, will readily show any land 
forms and iratural or manmade obstacles which are in the 



P^nfel7 3-2 is an example of such^ sitifig template. 

\ 
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(timber) (oruLslng) (3.39)' 

FRAME 3-40. , , 

Once the' selection of a site is made, the centerline of runway is staked out 
and referenced to prominent features. This expedites the location of the selected 

(1) later by surveyors of thje construction unit. Ground 

profiles are run at the (2) - : and at each shottkkrline. Levels 

(elevations) are taken at each 5CK)-foot interval, and at any breaks or slope 

changes*. In flat country, this (3) , may be increased to 

1,000 feet. ' • 



(meteorological) (3-55) 

FRAME 3-56. * ' ^ 

If meteorlogical information is not available for a particular site,* observations 

of -the nearest point should be adjusted to changes that will result Ici'cally from; 

the topography on other influencing factors. Interviews with local" inhabitants 
* 

may help to confirm ^ data and, in some cases, may be the 

only source of such information. If practical, sites near prominent topographic 
features should be. flight-tested by an experienced pilot to disclose th^ existence 
and effect of any local air eddies and currents that may be present. 
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(briefinK) (3-8) . 
, FRAME 3-9. - / 

The submission of timely reports is an essential elem.ent bf good airfield 

reconnaissance. Higher headquarters must receive 4he reconnaissance (1) _J 

in time to permit neceseary planning and preparation before engineer units are 
committed. A time-of-report schedule mu^t be prescribed and^ rigidly adhered 

to. Reconnaissance is of no value if the itiformation is {^^ ' 

in reaching headquaHers. ^ e 



I 



(1) siting template (2) glide angle (3-24) 

FRAME 3-25. . " " 

Referring to panel 3-2, any hill, within the approach zone at a distance of " 
10,000 feet from the end of the overrun and having an elevation of more than 

feet would be inside a 50 to 1 glide angle. Such a runway 

would be , if the required glide angle is 50 to' 1\ 



1^ ;> 



, Set 6. Reconnaissance Reports. / ' 

(1) runway (2) c^nterlipe (3) int4?rval^<3-40) 

FRAME 3-41. / . ' ^ 

As stated previously, timely m>orts are an' essential element of airfield 
reconnaissance. Use of standard ^rmats is desirable and facilitates comparative 
evaluation of two or more site% particularly when the sites have been recony 

noitered by different partie'^ Using the same . i_ for all sites, 

results in a better between sites. ^ 





( me tec rological ) ( 3-56 ) 

FRAME 3-57. ^-^^^"^ ^ fi 
hydrol|[>gical considerations to be investigated include the height, of the 
ground-water taW and its seasonal variations, the flood characteristics of streams 
"bordering the site, and tidal variations at coastal stations. This is most imports^nt ; 
drastic changes may take place betweeti wet arid dry seasons. Unless care is 
taken, evaluation of considerations made during the 



season may be misleading. 



3-20 



^ Set 2. Steps in ^irfield Reconnaissance. 

(1) report (2) late (3-9) 
FRAME 3-10. ' 

There are six steps in airfield reconnaissance : planning, briefing, preliminary 
study, arr reconnaissance, ground reconnaissance, and reporting. The formulation 

of ksreconnaissance mission is' concernedJS^yith the (1) step. 

The planmng step involves (2) \ of the reconnaissance effort 

^ ' ^ . r 

by appropriate headquarters, prediction of user requirements, and assignment of 
* a definite r^conna^sance 




Set 4. Air Reconnaissance. * ' * . 

i^OO (unsuitable) (3-^25) . . • ' 

FRAME 3-26. , ■ ' ^ 

An air reconnaissance team usually consists of only two memb^l-s — the 
pilot and the engineer observer. The pbvigus advantages of having the officer in 



charge. of the ground reconnaissance party serve as^_ 
should be realized- Lik'i^wise, the ! 



L __ observer 



is very much a part of the°' 



air reconnaissance te'amu NOT. merely a chauffeur. 



ERIC 



3-21 

3 r.7 



(format) J ooit^rison) (3-41) ' ^ . > , *• ^ 

Reconnaissance reports can be submitted in writing or by ladio, . but ,a* 

(!).__ - _ V report u.siiall\ ^lould be ^)llo\ved u^) with a detailed 

tvritten report. Referring to panel 3-4, the statement "the overall estimate of 
the site is excellent" would be, transmitted as (2) , _ t 



V 



(hydroloKical) (dry) (3-57J ' , ' \ . . 

FRAMK- 3-58.' • . . ' . ' . • . ' - 

, Typography is probably the lYiost impontant criterion in site selection. A site. 

with favorable „ is one located on*high ground, with sufficient 

slope for cross and longitudinal drainage, and a reasonably smbotti surface 
requiring little earthmoving. Uphill takeoff? and downhill landings require longer 
^ runways. ' , ' ' 



3-22 



(D'plannlnR (2) coordination (3) mission (3-10)- 
FRAME 3-11. 

. Telling the reconnaiss^ce party exactly what area or site is to be reconnoited, 
what is already known about the-area or site, and what specific information the 

party is expectfi^l to obt^iin is accomplished during the step. 

Pertinent details concerning the times^ and methods of reporting are also included' 
in the ^ ll^ step. 



(engineer) Cpilot) (3-2&) ' ^ 

The pilot considers such flying problems as approaches, me^>t^ hazards, and 
physical obstructions, as related to combat type planes which may use the proposed- 
a'irfieW. The value of a pilot who is familiar with require- 
ment^ affect of mental on landing and take off, and 



limitations imposed Jby physical 



is apparei^t. 
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v.- 



(topography) (S^58) • • . • . 

FRAME 3-"59. ' , 

Soil characteristics and quality of sub^ra4e are also important factors in 
airfield site selectibn. Whether stabilization or surfacing is required depends on 
the characteristics of the soil Also the character of the soil controls the thickness 
of the base course. Whether the surfacing or pavement can be plaiced directly on 

• the subgrade or whether a,^, , is ryjuired 

depends on the of the soil. . 



0 



V 



3f-24 



\ 



\ 
\ 

\ 

\ 



.-y-r.--^ . ^ - ...... 

The prelimrnar^.stud;^ represent^ the ihitial work by the reconnaissance 

• ^\^^' VI- The party studies the information obtained during the 

i '* * ^ ' ' ' 

' . . V .%^) ' . , -^^ conducts a map reconjiaissance of the area or site 



' , / iivVfllVed, :aD.d studieA air photos.^Also, durinfe the ^3) . 

- ' / . , soil, bpu-ndarlesf are deh^neat^d, other preliminary i^^formation is assembled, and 



study, 



the actual (4) 



is* planned and prepared for. 




' - :(appjc«icli)*^ Xlia^utrds) (obstructions) (3-27) 
_ -/' FRAME Sr2», ' ,> 



The engineer observer„is not*as f^imiliar wjth flight t^uir^ments and char- 
' |,cteristic4 of aircicaft. He is familiar with the construction problems which may 

be encountered, and assesses the potential site^in ternoff of . [ 

e/fnrt. He receives the pilot's suggestion concerning the flying characteristics, 
/and modifies his owji estimate in accordance with such recommendations, \ 




-:eric. . 



3-25 
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I 



r . 



FRAMK y-44. . 

Panel 3-6 is an example of a report,?oh an undeveloped airfield site, this 

report indicates that the '{)roposed site hl&'(l) 

drainage^ and' doe^ not require (2) - ' clearing. ^Suitabk jOw^khes 

(panel '3-7) should be attached to all written reconnaissance reports. Such (3) 
— . _ enable the reader to visualize the site, more fully/ 




^ ^ 

(base coarse) (characteristics) (3-59) 
FRAMlK 3-60. 

Ground defense of the airfield is another criterion. Terrain favorable for 
defense provides observation, fields of fire (both ground and air), concealment, 

obstacles, and routes of communication. The practicality of (1) ' 

against both (2) and (3) . 

attack must be considered. 



I 

(1) party (2) briefinj; (3) preliminary (4) ri'connaissance (3-12) 

FKAxME 3-13. . - - 

Reconnoitering the area or site by observations made from the air (flying 
oyer) facilitates the reconnaissance mission., A general study of the topography, 
drainage, con^ruction problems, camouflage possibilities, and location of access 
routes can all b^visualized from made by _ — \ ^ . \ 



(construction) (3-28) ' ^ 

FRAME 3-29. 

Panel 3-3 pertains to frames 3-29 through 32. In planning airfield construction 
projects, access routes and sources of construction materials are important con- 
siderations. En .route to the site or a general area, the engineer observer would 

-7^ note*(l) : pits or (2) sites and rail 

or road (3) ^ roiites. He would also note any obvious (4),. 

on maps that have been studied. 
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a) good natural (2) extensive (3) sketches (3-44) 
FRAME 3-45. . ' 

.Panel 3-8 shows that ^r econ naissance of a captured enemy airfield requires 
more detailed information than that requir^ed for,/,an undeveloped area. For 

example, the report indicates that the field has a foot, 

_ , surfaced main runway, but that the generator system 

required to furnish electric utilities is 



U) ground defense (2) ground (3) air (3-60) 
FRAME 3-61. 

As in road, construction (frame 2-17, lesson 2), an adequate Supply of water 
is essential foi<^^airfield construction work. Construction requirements for water 
will \Se a major^ consideration when the moisture content of the soil is far below 
the optimum for compaction. Water for personnel must also be provided, both 

during construction and subsequent airfield operations. The ^ 

and and accessibility of sources must 

always be determined. 

• • f ' * 3-28 



(observations) (air) (reoonnaissancle) (3-13) 

FRAME 3-14. \ o * 

Usually, specific ground reconnaissance procedure is planned by selecting " 

from (1) " what areas need investigating and what questions 

need answering. Air reconnaissance will give valuable negative information by 

eliminating unsuitable sites, but cannot be relied upon for (2) 

information. (3) reconnaissance is required for this^ 



4 



(1) borrow (2) quarry (3-) access (4) errors (3-29) 
FRAME 3-30. 

The engineer observer studies the topography, dvdjfidLge patterns, general 
soil conditions, and camouflage possibilities. He estimates these factors ffdtn the 

point of view of the essential , ; ./ The 

^ pilot estimates the . characteristics of the site. 

\ 



3-29 . , ^ 
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Set 7. Basic Site Requirements. 

(4700) (concrete* (damaged) (beyond) (repair) (3-45) 
FRAME 3^6. 

As in road location, the selection of airfield sites is usually a compromise 
between engineering, operational, and. tactical requirements. In order to meet 

time limitations dictated'' by the requirement, » 

considegp^tions sometimes outweigh considerations, par- 

ticularly in such matters as orienting the runway with respect to the prevailing 
wind direction. 



4r 



(quantity) (quality) (water) (3-.61) 

i^^RAME 3-62. ^ 

Also, as in road construction (frame 2-18, lesson 2), the effects of clearing 
on camouflage may be significant. Ground cover in areas adjacent to the flight- 
strip is desirable, since it affords n^turdl concealment for parked aircraft, fuel 

and ammunition storage, and operational facilities. To aid in , 

standing trees and brush outside the flightstrip are not removed or touched unless 
necessary. 
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(1) air (2) positive (3) "Rround (3-14) 

FRAME 3-15. ' . ' . 

Tbe-;iext step in airfield reconnaiS3ance is the performance of ground recon- ' 
naissance. While air; reconnaissance can ^ectively minimize the amount of 
ground reconnaissance which is necessary, it cannot replace this important step. 

It is on the \ ' ,that mostM|fctions are answered, or that fnost 

questions from the ^ a^^^erified. 



(engineer) (criteria) (flying) (3-30) 

In' reconnoitering a tentatively selected site, at least CD ^ 

passes are made at (2) feet; the' final circuit is flo>Vn at 

(3) feet. The length ^f the proposed runway is determined 

by multiplying the air speed by the average time of two passes flown in opposite 
directions about (4) yards on each side of Jiue-.centerline. 



(tactical) (enKineerinR) (operational)' (3-46) 
FRAME 3-47. 



The size of the site-must afford suitable are^^the required flightstrip and 
lliea features and facilities. Therefore the overall^ 



all allieS 
airfield is most important 



of the 



/ 




(caiqouflage) (3-62) 



END OF FRAMES 
ANELS AND SELF TEST fOLLOW 
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(ground) (air) (3-15) 
FRAME ^-16. 

Often, ground and air reconnaissa^b^re not as distinct as they would seem 

to be from this discussion. A continuing reconnaissance 

may be intersperced with 



Turn back to bottom of page S-3. 



(1) three (2) 300 (3) 200 (4) 50 (3-31) 
FRAME 3-32. 

In departing from the site, dispersal areas are reviewed, and ^access roads 

as well as source^ of construction material are again c|iecked. ^Additional — [ 

over the site are made if any further , 

\his check. 




arise as a result of 



Turn back to top of page S-U. 
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(size) (3-47) 
FRAME 3-48. 

Also, consideration should be giv^n to the possibility of e\p;in(iin« the pro- 
posed site. This is rarely a deciding factor in tlK> Choice of a .tactical- airfield 
location, but it is important and may sometimes govern a'ny decision, between 

otherwise acceptable locations. If a site possesses any 'J _ ' 

^^^^ of the runway, it should be noticed sand reported. 

Turn back to bottom of page 34. 
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Panel 3-1 Procedure for Map Reconnaissance 

/ 

1. Select the best available topographic niap of the area in which 
the new airfierd is to be located. ^ 

2. Drkw a 5-mile circle (2^ j-mile radius) around existing airfields; 
shade these circles. 

3- Note all high-tension electric transmission lines: shade a 2-mile 
wide strip centered on such lines. • 

4. Locate and suitably shade all other obstructions such as radio 
'towers , high water tanks, and so on. The diameters of circles marking 
such o&tructions should be based on the specified glide angle. 

♦ 

.5. Now confine the study for potential new airfield- sites to the 
unshaded portions of the map. Look for sites of sufficient area, preferably 
fiat with good natural drainage; unobstructed air approaches'; and ac- 
cessibility to route of communication. 



3-35 



ERLC 



Pannel 3-2/- Sample Airfield Siting Tem|fl^ate / 
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Panel 3<-3. Air Peconnaissance 



1. EQUIPMENT • * • , 

Two place, fixed wing aircraft, such as the 0-1, or two-place heli- 
copters, such as rihe OH-13 or OH-23, are suitable for the majority of air 

reconnaissance missions. Reconnaissance of enemy occupied territory is 

<» 

best accomplished with combat type planm^ i 

2. PROCEDURE 

The general procedure" for an air reconnaissance- is asH£Q|lows: 

a. En route to a particular site or a general area, the engineer 
observer notes such items -.as open borrow pits, large stockpiles of con- 
struction materials or. q|iarry sites, rail and road accesses to t*he site or 
area, and obvious errCrs on maps that have been studied. 

' , c 

b. Within^ a ^designated area, specific tentative sites must be 
selected. The engineer observer studies topography,, drainage patterns, 
general soil conditions, earthmoving. problems, routes of communication, 
and camouflage possibilities. He bears in mind the engineer criteria for 
selecting an airfield site (set 8) and selects potential sites for closer 
investigation. 

c. Upon approaching a designated site for specific recon- 
naissance, or upon approaching a tentatively selected site during an area 
reconnaissance, the normal altitude for ^he first circuit is about 300 ft. 
Not more than orientation can be accomplished in this circuit, but some- 

• times a site selected tentatively during an area soa?feh can be elimiH^ate^ 
during this pass or the next few passes. 



.d. Similar second and third passes flown at the sair.e height. 
During these circuits, obstructions, main slopes, and similar general 
features are noted. The pilot begi|ri«^^ formulate -his estimate of the 
flying (flight) characteristics of the site. Pinpoints for the ends of the 
runways are made on the map during these circuits, but additional trips 
should be flown across the site if necessary for such selection, 

e. After the runway has been tentatively selected, an initial low 
pass over the proposed runway is made at about 50 yard& to one side of 
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Panel. 3-3/ Air Reconnatssan^ (Continued) 

the proposed ^centerline. A second low pass iri the opposite direction is 
then flown bn the othtT sidt^ of , the cent^^rline. Bath of these flights should 
be made at a constant speed so that the runway length can be estimated 
by multiplying air speed (feet min or fec^t-sec) by average flight time 
(min or secV. A stop watch should be used to ^determine the time. 

/ I 

- , CAUTION' .The lenj^th usually will be considerably over- 

t [ estimated when flyinjj; at low air spi^eds if a strong wind is 

< » blowinjj; alcin^j; the centerline. This effect can be minimized 

; if distances obtained by two passes in opposite directions 

' alonR the' proposed centerline are a\rra^;ed (if wind con- 

' stant). ' 

f. A finaU'circuit is then flown at about 200 feet. During this 
trlp/^lhe ends and centerline are given a final check, and the pilot completes 
hip appraisal of th^ field's flying suitabiHty. 

, '«< ^ In departing from the area, dispersal areas are reviewed, and 

access roads are again checked. Additional passes over the site are made 
if any further questions arise as a result of this last check. 

tf 

h. An area reconnaissance then proceeds by similar inspection 
of other possible sites. Complete notes must be kept to minimize the 
necessity for reviewinjj sites already checked, but a reinvestigation 'of the 
finally selected site and any alternate sites may sometimes be necessary 
JC'''^3g§irable. 
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. ' Panel 3-5. Air Reconnaissance Report 

AIR RECONNAISSANCE REPORT 
'. * • ' ' 

DfiJ E 2.9 SfPT 6/ HO . 4 

!• T o CO 327 El^"$^^ Bn, 3. Hap Sh^B t iJo^ANNA^VfLL£ QiJ^PfZA N^LC 

' \ (Nearest Min road center) 

5* (a) Coordinates of ^i^^r end of runwa y 765, £ I 900 

(b) Length (faat) 5000 Fr, P<jr Mfcim B£ bxt^hosp ZQOO Ft (S ctJrtf^^^) 

6. Classiftcattofi of Sita (oyerdll): 

\ ' / ^ 
Excel lent .' Goo d y ^ r * N Poor Reject* 



7* Natural Surfac^e^Orainage; 

Excel 1 ent Goo d / Fa I r Pob K 

0* Flying Approaches: \^ 

Excel len t Average . y^ ' Poo r 



\ 



9» Clearing: ,^ 

L \ g h t y M ode rrfte ExceiTs i ve 

10* Aircraft Dispersal : \v\ 

Unl i«l te d V A dequat e Inade^u^te 
II« Access Roads: 

Goo d A dequat e >/ I nadequa te 
xl2» Remarks: EtireN^foN M£^N7icNeQ 



fN S(h) ^0Oi£ MUST Be <H£CpCe[> \^ /- ' S* 



naSfS5r\ 



. ^ (SlgnatuK^v 

fMR O^SCRrATfON. X"^* « \ • 

(Tina) ^TT V" 



♦If "R«J«ct" classification Is IndlcHted, reason(s) for will 
- givtn under rawarks.. '\ " 




Panel 3-6. Reconnaissance Report on Undeveloped Airfield Site 
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Sole ••The rccf ntvAi* p*r:y Tiati be (arns«h«d <• 5h the i j '>wtng if j"^*' » 

« Location o( Airfield genen! or tpec.f c 

b Type t»f AircTAit :h*l will occupy the ajrfle'.d 
c Number o( jroupi expected to occjpv 'he iiriield 

DESIGNATION Nxme Crt^LT5*JHM ftlg.P^I&tI> 



LOCATION- V^O 0£?T OP Pv&'^lC- 

i Map ref^renge pMS VH-L^Ct Of L^KjQ i im PgPv E *4E Uf S - - - /C 

(NAME *nd SCALE) ^ " A^S . 

d Ne*r^>y :o*f» CHElTB ^^fM C Pot^ IQoV ^ Mt D'jl E^T^tz** > ^£ , 

S le d '"i'-ce *ni; d 'ec'j.^i • tf 
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PSP. SMT, PRS, -ecii^'^.c* f-ib t*: — 's-* : -'f 

CAMCyF LAGe UTTlL U^TOEfL CX>loCcXLV\£>>rr ^T=gOlP60 A5f6u*,'^L P'^P££^^C PCSV fe.C 
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(In charge o/ reconnaittanc* party) 
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Panel 3-7. Sketch Attached as Annex 
to Airfield Reconnaissance Report 
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Panel 3-8. ReconrHHssonce Report on Captured Enemy Airfield 
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LESSON 3 

^ELF TEST 

» . , ♦ , , 

Note: The following exercises comprise a self test. The 'figures following each 
question refer to a franie or panel containing information related to the 
questwn. Write your answer in the space below the question. Wh'en you have 
finished answering all the ^questions for this lesson, compare your answer^, 
with those given for this lesson in the back of this booklet. Do not send in your 
solutions to these review exercises. 

« 

1. Air traffic imposes more severe design criteria than does vehicular traffic. 
In selecting an airfield site, what is the requirement of airfield reconnaissance as 
differing from that of road location reconnaissaace? (frames 3-1 and 3-2) 



2< The overall reconnaissance plan jnust be properly coordinated with all the 
various headquarters involved. Why is this important? (frame 3-6) 



3. List the steps requiredMn airfield reconrtaissance. (frame 340) 



4» * Identify the major phases of a 


preliminary study explaining what is done in 


each, (frame 3-12) . 






m 


/' 




/ 



/ 
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5. What is the purpose of ground reconnaissance? 



6. The prompt submission of reconnaissance reports is most essential. How 
can this requirement best be controiied? (frames 3-9 and 3-17) - . 



7. ^In map reconnaissance, what should be the sKe (in miles) of circles marked 
on the m^p to identify existing airfields? (frame 3-20&nd panel 3-1) 



8. The fourth step in map reconnaissance is to identify and mark such obstruc- 
tion as radio towers. What ratio, with respect to height, determines the diameters 
of circles for marking such obstructions? (frame 3-21 J^rid panel 3-1) 



9. The airfield siting template, when placed on a map, readily shows any land 
form and natural or manmade obstacles within the glide angle of tentative runway 
approaches. Using the example template (panel 3-2), what would be the nfiaximum 
permissible height (in feet) of any obstructions within the approach zone for a glide 
angle of 40:1" at a distance of 6,000 feet? (frame 3-25 and panel 3-2) 
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10. In air ri'connaissance. what is the function of the pilot and the engineer 
observer? i frames 3-27 and 3-28) . ^, 



11. In rt'connoitering a specific site from the air. what is theikcnininium number 
of passes made at 300 feet and at what height tm feet) is the final circuit usually 
flown? (frame 3-31 and panel 3-3) 



12. A reconnaissance plane makes two passes in opposite directions. 50 yards on 
each side of the centerline. to estimate the length of a proposed runway. If the air 
sp^ed is sustained at 100 mph and the average time of ihe two passes is 55 seconds, 
what is the estimated length in feet? (Assume wind is negligible.) (frame 3-31 and 
panel 3-3) ' ^ ' ' 



13. What activities shou^^ be conducted by both air and ground reconnaissance, 
parties en route to the site^ toffee investigated? (frames 3-2^ and 3-34) 



/ 

14. When a potential runway lies partially within a wooded area, describe the 
correct method to estimate the clearing and grubbing effort for the removal of trees, 
(frame 3-39) 
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15. When a final location is m^de for an airfield, in relatively flat country, at 
♦ what intervals (in feet) are elevations checked? (frame 3-40) 



f 



16. In making a radio report concerning a tentative airfield site, how v^ould the 
statement "glide angle is excellent" be transmitted? (frame 3-42 and panel 3 4) 



17, What consideration controls the final selection of airfield sites? (frame 3-46) 



18, Srte requirements for Army airfields are less demanding than those for Air 
Force bases: .<F5r example, steeper slopes may be tolerated for Army runv^ays; what 
would be the maximum change in grade (in percent) for a rear Army airfield? (frame 
3-49 and panel 1-4) 



- , 19, Air reconnaissance of a potential airfield site reveals that a long straight road 
occupies the only favoraJble location for the runway. What action would be the most 
appropriate to take? (frame 3-51) \ 
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(0. Freedom from interfering obstrwctions is a must for runway locations. 
De^erHje the nuninium criterion pertaining to interfering obstructions, (frame 3-53)^^ 



21. Certain bit\ations and layouts such as a ditch or pole line at the en5 of a 
runua\ aro said to prtsent a mental hazard to the pilot. What effect does the pilots 
reactions to oUv^h bitu.Ttions have on W\k effectiveness of the runway? (frame 3-54) 



i 
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25. What characteristic controls the thickness of the base course when required'^ 
(frame 3-59) 



J- 
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LAYOUT PROCEDURES, CONSTRUCTION STAKING 

AND ALINEMENT ^ ' 

CREDIT HOURS _ 2 J 

TEXWSSIGNMeNT ... Attached^Memorandum. ' 
MATERIALS J«QUIRED None. , ' 

LESSON OBJECTIVES 

Upon completion of this lesson, you should in the following subjects areas, be^able 

to: . . ^ « 

L Control survey - Discuss the value of bench marks in determining, vertical and 
horizontal control. 

2. Use of construction stakes — Describe the primary function of construction stakes; 
discuss their plase^nent, the markings, and their meaning. ^ , 

X Horizontal alinement ~ Discuss t)ie components, the seven principles in locating 
V< tangents, point of intersection (PI), point of tangency (PT), long chord, and hasty 
^.^ ^ methods of staking curves. * " * , >^ 

4. Vertical alinement — Discuss the use of tangents for transition of vertical curves^" 
the two types of parabolic curves (overt and invert), the point of vertical' irvlersec- 
^ tion ,(PVI), point of vertical curvature (PVC), point of vertical tangency (PVT),: 
vertical curve offsets and eccentric curves. • 



-t 



;«'f CONTENTS 



4 ^ ' ^ ^ 

Frame?^ 

'Set L .Control Survey : [ *. ,4-l to 4'10'' ^ 

2. Use of Construction Stakes . i 4-11-10 4-43 

3. Horizontal Alinement \ __4-44'to 4-72 

4. Vertical Alinement ^_ 1 4-73 to 4-10^ 
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^' V ' Set 1. Control Survey 

V , » 
FRAME 4-1. 

* * 

Before lay-out .work can begin on a road or airfield p\)ject, control must be 

established. The first step is to establish bench marks for vertical (1) 

(elevations) and ^'clK marked points for horizontal (2) 



(1)<L (2) 15 -f 00 (3) F (4) 2^ (4-25) 
FRAME ^4-26. 

The limits of the grading work must be clearly marked. Slope stakes are 
used to define the of . 



r 
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(principle) (1-50) 
FRAME 4-51. 

Keeping the number of -tangents to a minimum will minimize the number of 
curves, prcfvide long ^ stretches, and improve roUte capacity. 




(horizontal) (4-75) 
^^IfcjlAME 4-76, 

^ The two processes, however, are closely related. An excellent horizontal 
alinement may be entirely unacceptable because of : limitations. 



V'AH 
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(control) (control) (1-1) 
FRAME 4-2. 

Bench marks and (1) control points are frequently 

called hubs because of the short square stakes used. Hubs are normally 2" x- 2" 

wooden stakes and are driven flush with the ground. The honzontal (2) 

has a tack in its top to mark the exact point for angular and 



linear measurements. 



. » ' 

■\ f :'<^imits) (gradifig) (4-26) ^ 
•\ . FTIAM'E 4-^7-. . - 

^.\In road work, _ : stakes may also define the limits of 

' cleafring. Usually, the cleared area extends 6 feet beyond the slope stakes. 
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(straiKht)' (4-5^1) 
FRAME 4-52'. 

The numbfer of tangents on any road project should be kept to a 



(grade) (446) 
FRAME 4-7^ 

The design process is necessarily a trial and error process until the design 

specifications and i__ alinements are 

met 




. * 

;« »: 
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(1) horizontal (2)vcontrol hub (4-2) 
FRAME 4-3. 

The elevations of established bench marks are recorded and used as (li 

points. The tack ser^e^ to mark the 

centerline or turning point for (2) conlrol. 



I 



(slop€) (4-27) 
FRAME 4-28. 



7' 

stakes are set on lines perpendicular to the centerline 



(one on each side) at the points where the cut or fill slope intersects the ground 
surface and are tilted away from the centerline. , 
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(minimum) (4-52) 
FRAME 4-53. 

Most roads constructc'd b> the Arm> are supplements to an existing road net. 
Therefore, there normally will be mtersections. or junctions at one or both ends 

of militar\ roads. The connecting of new roads should 

approach at right angle junctions with existing roads. 



(horizontal) (vertical) (4-77) 
FRAME 4-78. 

C Gradelines must not exceed maximum grade specifications. If grade specifica- 
tiorus are exceeded the facility would be useless, even though cuts and fills balance 
perfectly. Therefore, when setting gradelines never exceed 



4^8 



ERLC 



(1) vertical control (2) horizontal (4-3) 
FRAME 4-1, 

Control consists of a series of both vertical control points (or (1) 
) and (2) control points. 



(slope) (4-28) 
FRAME 4-29- 

Slope stakes are located at the intersection of the cut or slope 

and the ground , 
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(tanRonts) (4-53) ' ' 

FRAME 4-54. 

Location at to the old road improves operating effi- 

ciency and reduces traffic control problems. 



(maxiidum) (grade) (^specifications) (4-78) 
FRAME 4-79, I 

Problems such as undesirable soil or water table level must also be considered 

(solved) in setting the final ghide. These physical problems must be 

in terms of economy of construction and a safe and usable facility. 
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(I) bench marks (.2) hori/ontal (4-4) 

FRAME 4-5, ^ ^ 

Vertical control can be established by determining the actual 



of the bench marks if this is convenient. However, this is not normally done in 
military construction. 



(fill) (surface) (4-29) 
FRAME 4-30. 

The slope stakes are placed at certain intervals! (1) 



stakes are set at 100-foot (2) ^ on tangents, 50-foot inter- 

vals on curves, and at sharp breaks in the ground profile. 



tangents, i 
5- \ 



C' 
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(ri^ht angles) (4-54) 
FRAME 4 55. 

As we have^seen. long tangents are desirable. The most common , hindrance 

^0 long _ is some vertical obstacle such as a hill, with exces- 

^ sive grades. 



(solved or considered) (4-79) 
FRAME 4-80. 

Grade limitations and limiting characteristics of the 

must be solved in terms of of construction of a usable 

facility. 



1 
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(eJcvation) (4-5) 
FRAME 4 6. 

In establishing vertical control, an easily found (1) 

will usually be designated as having an assumed (convenient) elevation such as 

100'. 1,000' and so forth. All other (2) on the project are tied into 

the datum of this established bench mark system. 



(1) s^Qpe (2) interv^ls^(4-30) 
FRAME 4-31. 

Slope stakes should be set at (1) ^_ . -foot intervals in 

tangents, at (2) . -foot intervals in-curves, and at (3) 

in the ground profile. 
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(tangents) (4-55) 
FRAME 4-56. 

The engineer, when locating tangent!, 



must consider the ability of the con- 



struction force to construcuhe facility \ ithin allowable grade limitations. Tan- 
gents should be selected which will avoid excessive : and 

thus keep earthwork to a minimum. 



(terrain) (economy) (4-80) 
FRAME 4-81. 

Following placement of a series of gradelines, the road or airfield i^efined 
vertically in a series of tangents between points of vertical intersection, \oints 
of vertical intersection are connect^^tiY means of 
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(1) bench mark (2) elo^ations (4-6) 
FRAME 4-7. 

Vertical control is generally established by selecting a convenient bench mark 
as a ^ and referencing all other elevations to it. 
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(1) 100 (2) 50 (3) sharp breaks (4-31) 
FRAME 4-32. 

The front of a slope stake is the side facing the centerline. Therefore, the 
,1^^ of the slope stake is visible from the centerline. 



4-15 ^ ^ 



FRAME 4-57. * ^ \ " ' 

At the intersection of two tangents it is" tiecfssary to estalHish an^easement 
or curve from one tangent' to the other. To join such tangents two t'Vpes of 
— are. crtmmonly used tlie circular cutve' and 'the spiral 
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(tangents) (4-81.) 

FR.4ME 4-82. " 

A transition providing a smooth -easy movement from one 



to the next must be provided. This, is done by utilizing a vertical curve. 
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(datum) (4-7) ' . 

FRAME 4-8. .*''. 

Horizontal points 'may be tied into a local grid sys- 

tern if one is, readily available. < , ' 



V 



(front) (4-32) 
FRAME 4-33. ^ 

The amount of cut or fill, at that location, needed to bring to, finished' grade 
at the edge of the shoulder'is markeQ on the front of the stake. On a slope stake, 
C42 would appear on the . . v_ 
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(curves) (4-57) 

FRAME 4-58. . ^ . 

For military roads and' design speed, the circular curve (panel 4-5) is ade- 
quate and easier to design and construct. Therefore, in militar> construction 
curves are normally used. 



(tangent) (.4-82) 
FRAME 4-83. 

' The 



1 used to provr^^*4Ms smooth 

movement from one tangent (grade) to the next is usually parafeirc in form. 



(control) (4-8) 
FRAME 4-9. 

Usually, well marked (1) 
work and all (2) 



are tied into the grid net- 



distances are measured relative to it. 



v 



(front) (4-33) 
FRAME 4-34. 

Also on the 



from the centerline. 



/ 



of the slope stake is written the distance 



/• 



/ 
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(circular) (4-58) 
FR.ImE 4-59. \ ^ 

> 

The, point where two tangents intersect is called the point of intersection 
(PI). and the exterior angle is the angle of intersection (I). This is also the 
angle subtended between the intersection of the radius points at 0 (see panel 

4-5). The point where two tangents intersect is called the (1) 

1 (abbreviated '_ ) and the exterior angle between 

them is^he (2) o ^ of (abbreviated ) ). 



(Vertical curve) (4-83) 
FRAME 4-84. 

In addition to the smooth transition provided by a 



curve, anothe^.advantage is that its essential dimensions can be easily calculated 
by the surveying crew in the field. 
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(I) points (2) horizontal (4-9) 
FRAME 4-10. 

Location of control points is important to prevent damage to them. Both 
horizontal control points and bench marks should be placed well out of the con- 
struction zone to (1) them against accidental (2) . 



(front) C4-34) 
FRAME 4-35. 

On the back of the slope stake, the station, numbers and the slope ratio of 
the cut or fill are written. If a slope stake is located at the edgfe of a cut, the 

letter would precede tHe amount ofVut necessary from the 

slope stak^e to the edge of the road shoulder. 
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(1) point of intersection (PI) (2) ani>le of intersection (I) (4-59) 
FRAME 4-60. 

The pom where ihe curve begins or. leaves the tangent is called the point 
of curvature TPC > and the point where the curve joins the tangent ur where the 
curve ends is called the ooint of langency (PT; (panel 4-5k The point where a 

curve begins is the (1 i ^ of (abbreviated 

^ — ' and the pOint where a curve ends is the (2) 

of (Abbreviated j. 
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(parabolic) (4-84) 

FRAME 4-85. ^ 

Two types of parabolic curves are used. The overt (convex'} curve is used 
to curve over a hill. The invert (concave) curve is used to provide transition 
from a down grade to an / or to a level alinement (tangent). 
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'Set 2. Use of Construction Stakes 

(1) protect (2) damage or destruction (4-10) . 

FRAME 411. ^ 

We will now consider the uses and functions of construction stakes. The 

^imary function of stakes is to indicate the alinement of 

a construction facilit>. to aid equipment operators, to control specifications, and 
to prevent excessive work, 




C (4-S5) J . — 

FRAME 4-36. 

A stake placed and marked as the one shown in panel 4-2 (page 4-53) would 
mean— that it was a slope stake marking the point where a 1:1 cut slope intel^ 
sects the natural ground surface 25,5 feet from the centerline, 7800 feet from 
the origin, and indicating a cut of 4.0 feet in relation to the edge of the shoulder. 
How would a slope stake where a 3-foot fill (1V2:1 slope) is necessary, occurring 1500 
feet from, origin, and 20 feet^rom the centerline be marked? 

FRONT BACK 
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(1) point of curvature (PC) (2) point of tangency (PT) (4-60) 
FRAME 4-61. 

The standard circular curve, usually used in military construction, is an arc 
of a circle. The radius of the circle, or the distance from the curve to the center 
of the circle is referred to as the radius (R) or radius of curvature (panel 4-5). 
The distance from the. curve to the center of the circle of which it is a part is 
referred to as the [ (abbreviated 



r 



(upgrade) (4-85) 
FRAME 4-86. 

The two types of parabolic curves are : and 
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(construction) (4-11) 
FRAME 4-12. 

The information necessary to co;istruct a given facility must be written dn 

properly placed (1) ^ at the site. This informa; 

tion indicat-es the -^2) of the construction facility, aids 

equipment operators, controls specifications, and helps to prevent 



< 



(1) y (2) 3S (3) 20^' (4) 15 + 00 <5) IVzil (4-36) 
FRAME 4-37. 

As lopn as grading work is started, centerline stakes will usually be de- 
stroyed by earthmoving equipm^t and- many stakes will be 

removed. . • ' 



I 



■ ^ ■ ■ ■- ; 

4-25 

ERJC ' • , . ■. 



(radius (R)) (4-61) . , ^ ^ 

FRAME 4-62. / 

The distance from the PI to the PT or from^e PI to the PC is known as 
the tangent distance (T). the distance from the PI to the mid-point of the 
%c.urve is referred to as the external distance (E) (refer to panel 4-5). The* (1) 
(abbreviated ) is the dis- 
tance from the PI to the PT or from the PI to the PC. The (2) 



(abbreviated ) is the distance from the PI tp 



the midpoint of the curve. 



(overt) (invert) (4-86) 
FRAME 4-87. 

The overt parabolic curve is in form, the invert para- 
bolic curve is in form. 
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(1) construction stakes (2) atinement, excessive work (4-12) 
FRAME 4-13. 

Construction stakes include centerline, slope, ditch, offset, reference, grade, 

and intermittent stakes and bench marks. Construction : — — 

is written on these i_! „ i^-^ . 



(slope) (4-37) 

FRAME 4-38. 4. \ 

In order to eliminate resurveying portions of the road or airfield, offset 

stakes are placed beyond construction limits and are used to ^ . — 

centerline and slope stakes. 
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(1) tangent distance (T) (2) external distance (E) (4-62) 
FRAME 4-63. 

The straight line distance from the PC to .the FT is known as the long chord 
(C). The distance from the mid-point of the long chord to the midpoint of the 
curve is referred to as the. middle ordinate (M). The straight line distance from 
the PC to the PT is the f ^abbreviated 




(convex) (concave) (4-87) 
FRAME 4-88. 

Panel 4-7 illustrates a typical vertical curve installed between two intersect- 
ing .. lines. 



(information) (stakes) (4-13) 
FRAMfc 4-14. 

Stakes on which the information is written should be 

.made from lumber approxfbately 1" by 3" by 2' in size. In the absence of stakes, 
small trees blazed on both sides and cut to length may be used. 

-«* 

# \ 



(relocate) (4-38) 
FRAME 4-39. 

Located beyond construction limits, , 

a line at right angles to' the centerline and in alinement with slope slakes. 



stakes are set or 
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Ions Phord (C) (4->63) 
FRAME 4-64. ' 

The f_ 



J (abbrevialed 



• is the distance from the midpoint of the curve tHe n^^nt oilhc long chorh 



(grade) (4-88) , ' ' ^ ' . ' ' ^* 

FRAME 4-89. . ^ ' 

The intersection pomt of two tangent gfrade lines is referred to as the p(Jiht 
of vertical intersection (PV.I). • Where two tahgent .grade lines meet 'is the'^ 
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(construction) (4-14) 
FRAME 4-15. 

Construction stakes are usually placed by a surveying crew and they con- 
tain . . • * 



r 

^ ^ t 

^ . / 

" ^ * 

(offset) (4-39) . ; 

FRAME 4-40. 

Slope stakes are relocated first. The centerline stake. is. then rea^iily relocated 

by measuring the horizontal distance indicated on*' the 

stake. 



I ' '■J 



(middle ordinate (M)) (4-64) • ' • / i 

FRAME 4-65. V ■ ; ' ^ 

The distance from the PC' to fheyT along the curve, measured as a series 
of 100-foot chords is known as the 'length of curve (L). Therefore, L is -the 

— ■ ■ from PC to PT measured in 

(2) - 



(PVI) (4-89) , - • 

FRAME 4-90. 

The point of vertical curvature (PVC) and the point of. vertical tangency 
(PVT) are the points where the curve leaves the grade line and joins the grade 

line respectively. T. - PVP the point where the curve . 

the grade line, 
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' \ (coWcqO (specifications) (4-15) 



V C€?nt'e^;^ine or alinement stakes are placed on the : of 

.a road oV 'airfield to indicate its location. ■ and direction. 



(relocated) (slope) (4-40) 
FRAME 4-41. ^ 

Offset stakes contain all the information on the original slope stake plus 
the horizontal distance from the slope stake to the offset slake. This offset dis- 
tance is on Che stake and is circled to indicate ttiat it-is the _^ 

distance from the slope stak^ 
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(1) length of curve (2) 100-foot chords (4-65) 
HmE 4-66. 

The angle subtended by one of the 100-foot chords is the doRioo of curva- 
ture (D) (see panej 4-6). The de-roe of cur%'aturo is the _ . _ , sub- 
tended by one of the 



/ 



(leaves); (4-90) 
FRAMHr'.4-91. 

The -PVT is the point where the curve 



the grade line. 



» / 
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(centerline) (alinement) (4-16) . i 
FRAME 4-17. 1 

Centerllne or alinement stakes are the first stakes to be placed and are 

located accurately because they are used as points in 

locating, Other stakes. * ^ 



(offset) (4-41) 
FRAME 4-42. 

An offset stake set at 20 feet from the slope stake shown in panel 4-2 would 
be marked as shown in panel 4-3. Note that the horizontal distance 20^'. from 

the slope stake to the offset stakd"is circled to indicate that it is (1) 

. "If the offset distance was 25 feet, this information would 



then be shown as (2) 
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(angle) (100-foot chords) (4-66) 
FRAMK 4-67. 

The distance" along a curve, measured as a series of 100-foot chords, is the 

(1* -— ( L). The angle 

subtended by one of these 100-foot chords is the (2) of 

, ( -). 

r 



(joins) (4-91) 
FRAME 4-92. 

The point where two gradelines or tangents intersect is, the (1) 

and the points where the curve leaves and joins the gradelines are the (2) 
J and the (3) respectively. 
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(control or reference) tf4-17) ' 

FRAME 4-18. \ ' . 

(1) _J ^ stakes are normally placed ^at 100-foot intervals 

except that on irregular terrain they may be placed (2) 

together for better control. 



^ 



* (1) offset distance VZ) (^5^ (4-42) 
FRAME 4-43. ~ 

There are many other types of construction stakes such as shoulder stakes, 
reference stakes, and grade stakes, which may be used .under special conditions 
(particularly airfield runways), requiring greater control of work. The engineer 

may use any special type ^ that he thinks- necessary to 

adequately ^ a construction project. 
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(1) length of curve (L) (2) degree of curvature (D) (4-67) 
FRAME 4-68. ^ 

When hasty type roads and airfields are built in forward areas, high preci- 
sion is not ^sential, a fairly good curve can be staked in by the eye and then 
adjusted as construction proceeds. Therefore, in this situation, horizontal curves 
are usually laid out ^. 



(1) PVI (Z) fVC (3) PVT (4-92) 
^HAME 4:93. ^ 



Grades are expressed in percentages (rise of ^rade in feet/100 feet). The 
percentage of grade at the grade tangent nearest the point of origin is normally 
referred to as>Gi and the other grade tangent is referenced as G^v (panel 4-7). 
Gj is the tangent t ' the point of origin. 



H 
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(U centerline (2) closer (4-1^ V 
FRAME 4-19. 

The placement of centerline stakes on the centerline is our next concern. To 
easily read the information on them, centcrhne stakes^'Jm? placed with the broad 

if 

side of the stake to the centerline. 



Set 3: Horizontal Alinement 

(stake) (control) (4-43) 
FRAME 4-44. 

. As we have seen (sets 1 and 2), control is first established and then aline- 
ment is prpjected by^eans of construction stakes* The engineer must determine 
the. best horizontal and vertical positioning of the facility. The horizontal and 
vertical positioning of' the facility is called . 
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(by eye) (UftS) ' N 

FRAME 4-69. 

Another simple way of staking out a curve in a forward 'area would bo to 
have the driver of a'grador ur a truck make a graciuai turn and use the wheel 
tracks to - the curve. ' 



(nearest)' (4-93) 
FRAME 4-94. 

The offset distance from the PVI to the curve is the longest offset .on the 
curve and is referred to as the maximum offset (MO). Qffset distances from the 
tangents to the curve at various distances along the curve are known as offsets 

O. The offset distance from the PVI to tne curve is the 

(abbreviated l). 
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(per.peiidicular) (4-19) • I 

FRAME 4-20. | 

The side of the stake which faces the starting point 

^ is designated as the frunt uf thf stake and is marked with the centerline symbol 
tand as applicable PC for point of curvature or PT for point of tangency. 



(alineraent) (4-44) < . 

FRAME 4-45. 

There are two types of alinement to be considered in locating a road or an 
airfield, alinement and vertical 




(stake- out) (4-()9) 
FRAME 4-70. • 

Another type of curve used m road ahnement is the compound curve. Com- 
pound curves consist of two or more circular curves of radii which join together 
to form lafger curves. These curves n^av be used to curve around obstacles where 
it is jiot feasible to use one curve. When two curves of different radii are thus 
formed together, the curve which is formed is a . 

V 



I. 



(maximum) (offset) (MO) (4-94) 

fkamf: 4-f)i?.' 

The length of a vertical curve (L) is the horizontal distance between the 
PVC and the PVT (panel 4-7), The actual distance along the curve is not con- 
sidered. The PVI is locate^ midway between the PVC and the 
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(cenU^rllne) (4-20) ^ / . 

FRAME 4-21. 

Al^o marked on the (1) , of the stake is the distance 

from th^ orjgin and the fractionar part of a station, if such is used. A stake 
which was marked 18 -f 26'- would be 1826.12 feet from the beginning of the 

facility. A stake marked 21 + 25"^ would be (2) . feet 

from the beginning. 



1 



(horfzontal) (alinement) (4-45) 
FRAME 4-46. 

^e will first discuss horizontal alinement. Horizontal alinement consists of 
a series of ^^traight lines ilStfta tangents c<5fmected by horizontal curves. In look- 
ing at- the horizontal ali^lement of a road on a map, we would see that it consisted 
of a series of " connected by : 



(compound) (curve) (4-70) , / > , / , ' ' » fV^?^ 

FRAME 4-71. . ' • . • K^^. v ' ' ^ 

Both curves of a , may. curve iijj, 

tljj^feame. direction or in opposite directions,, In the latter ca^se, they are liWb^wi , ^ 
,as reverse curves.^? ^ * ^ , 



r 



(PVT) (4-95) . . . * ~ : 

FRAME 4-96. . ' 

The^curve length is the horizontal distance from PVC to _^ J: 

• • ; ■ V 
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(1) front (2) 2125.08 (4-21) 

FRAME 4-22. ^ , "~ 

On the back of the ccntcrline stoke, the information on cut (C) or fill (F) 
required at each is written. 



• . ' 

(tangents) (curves) C4-46) 
FRAME 4-47. 

- In' the preparation of (1) 

gent.s are first laid out (p^nel4-4) and are later connected" by curves. Therefore, 
in the horizontal alinement of a jjoad, we are first concerned with the straight 



alinement,- intersecting tan- 



nines or (2) 
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((lompouiul) (<'ur\(') (1-71) 

FRAHE 4 72. ^ 

When the curves of a eompuund curvo turn in ()])]H)site (reversi:) directions, 
Ihev are called . . 



(PVT) (4-96) 
FRAME 4-97. 



;7j 



The curve described lit the pi:gc^ing discussion wag the standard jvertical 



cijrve. Another type curye/tiie ecc'entric curve is. used "whea one of the grade 
tangents (Gi or G^) is longer than the other and PVl is not. in the center of the 
.curve., The two types of vertical curves are st-AnHard and U: — . 



(station) (4-22) 

FRAME 4-23, - ' 

The .'letter C is used to^ .indicate 
indicate • ' . 



and the letter F to 
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-horizonta! (2) tangents (4-47) 
FRA^E 4-48. 

^ Each tangent must be stationed or, sufficient information obtained as to azi- 
;^ much and distances so that horizontal \ can be adjusted and 



necessarjr designs accomplished/,, 
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Set 4. Vertical Almement 

I* * , * 

(reverse) Ccurves) (4-72) ^ 

FRAME 4-73. 

We will now discuss the vertical alinement of roads and airfields. Vertical, 
alinement of roads and airfields is that portion of the design process that is con- 
cerned with the establishment of grades and the determination of the vertical 
connecting curves between these g^rades. The establishment of grades and verti- 
cal curves is 



(eccentric) (4-97) 

FRAME 4-98. . ^ \ 
^ When one grade tangent is longer than' the ^ other the 

V 

/ 



(cut) (fill) (4-23) 
FRAME 4-24.. 

The centerline symbol is written 



r 



(alinemertt) (4^-48) 
FRA^VfE 4-4^.- ^' 

(1) 



fhem to enable (2) ^ 



_\must be stationed or mformation obtained about " 
— 1 _ of alinement and necessary designs/- 



V 
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(vertical) (alinement) (4-73) ' . 
FRAME 4-74. 

The grades must be kept within desirable criteria and specifications. The 

^ * 

curves between the grades must provi(3e gradlial transfef from one : . 

to the- next. 



(eccentric) (4-98) • ^ 

FRAME 4-99. . - 

In hasty construction, iUis often necessary to build vertical curves without 
calculations or s^taking. When this becomes necessary, the engineer must insure 



that the resulting curve provides a 



between tangentSvUerades). 




<L(4-24) 
FRAME 4-25. 

A stake placed and marked as the one shown in panel 4-1 (page 4-53) would 
Wan that it was a centerline stake 2600 feet from the origin and 'that a 4.0-fo'ot 
cut was necessary at that point. How would a centerline stake 1500 feet from 
the origin where a 2.0-foot fill was necessary be marked? 



FRONT 




BACK 


(D — 




(3)_ 






(4) — 



Turn back to bottom of page ^-3. 



(1) tangents (2) adjustment (4-49) / 
FRAME 4-50. ^ 

There are several principles to be observed when locating tangents. The first 
is tWt.th^ number of tangents should be kept to a minimum. 



Turn back to top of page -4-4. 



f 



4-51 



(grade) (4-74) 
FRAME 4-75. 

The vertical almement of a road or airfield is normall-y accomplished after 
the ^ , almement has beeri^ completed. 



Tuni back to bottom of page 4-4. 
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(smooth) (easy) (transitiont (4-99) " ^ 

FRAME 4-100. - 

In hasty construction, curves must, therefore, meet minimum 
but they may be constructed without'.elaboracte calculations and 



If 
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(specifications) (staking) (4-l()0) 



END OF FRAMES ' 
PANELS AND SELF TEST FOLLOw' 
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Panel 4-1 « Marking of Centerlin^ Stake. 
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Panel 4-2. Marking of Slope Stake for Standard 2-Lane Road. 




FRONT 



C 

4^' 



2.51' 



DISTANCE FROM CENTERLINE = HAL^ THE RCJ ADBEp + 6 DITCH + 4,x1 
315.5+6+4C25.5' , 
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LESSON^ 4 

SELF TEST 



Note: The following exercises comprise a self test. The figures following each 
question refer to a franje or panel containing informatioi^ related to the 
(question. Write your answer in the spacfe below the question. When yon have 
•finished answering all thequestions for this lesson, compare your answers 
with those' given for this le^^ in the back of this booklet. Do not send in your 
solutions to these review ex^cises. 



r 1. In the nornial construction sequence, establishment of control is required 
before any work can begin. Define control \establishm^rit^nd tell how it is 
accomplished, (frame 41 to 4-8) v . 




2. Explain the primary function of construction stakes, (frame 441) 





3k Give the purpose of th^ceni^rline or alinement stakes, (frame 4-16') 



l-2^to 4'; 



. ^^pescribe the information which is contained on ce'nterline stakes, (frames 
"22) . ' ^ ^ • ■ - . , 
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.5. Describe in cem|^te detail, all the information given on the coftstructic^n 
, stake below; (frame 4-25^ ^ ' ' ' ^ 



FRONT 




BACK , 
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8. What is. the '{jurBose-iof- slope -stakes? (frame' 4-26) 



. *^ 7. -^Jtaw ahd properly mark'^lope stake^arking^eTjoint where^aj^^^ , J 
^* ' ^ sfope intersect/ the natural ground surfaoeJTlS feettrom centeEline> 2^^fee^Poni^ . 
* tlje qrigixi, and indicates^ <?utj5t 2:15^g^^ respect t^^the shouldefT (fr^e .,4^ — 



7 1^^ t 



.8. Explain the purp6$e of .offset stafces* ;(friwn<^^-38, 4739- 4-41,V»142> i ' 



9. Define horizontal alinement. (frame 4-46) 









^ ' — • ' 


10. 


Give ^hree -principles of horizontal alinement. (frame 4-50, 4-53, 4-56) 


, ' """ *> — 


k 




11. 


Define PI, angle of intersection, PC, and PT. (frame 4-59, 4-60) 


V 










^^4-69) 


Describe two methods of staking out a curve in a forward area, (frames 4-68, 


^ \ 




i \ ' 13. 


When|^oes a compound curv^ become a reverse curve? (frame 4-Jl) 






0 



>:V 14. Define vertical alinement., (frame 4-73) 



15. Whal type cUrvejs -nornialiy -used in vertical curves? (frame 4-83) Why is 
it preferred? (frame -4;'8'l! , v •. 




16. Explain the difference between the two types of parabolic curved, (frames 
4-85 to 4-87) • . • 



17. What do the following abbreviations stand for? (frames 4-89, 4-90, 4-91) 
(a) PVI ' - ' . 

" (b) PVC / 

(c) PVT • ' . ' 



* LESSON 5 

EARTHWORK ESTIMATES AND MASS DIAGRAM 

CREDIT HOURS - 2 ^ 

TEXT ASSIGNMENT Attached 'Memorandum. 

LESSON OBJECTIVES 

Upon completion of this lesson, you should, in each of the following subject areas, 
be able to: 

4. Factors influencing earthwork estimates — Discuss the purpose of earthwork 
computations and factors^ which influencje them. 

2. Hasty estimate method — Compute volumes of earthwork using available volume 
tables. 

3. Cross section method — Calculate cross sectional areas by the most widely used 
method (cross section method) wHich includes two variations: (1) counting the 
squares and (2) triangle method. ' 

4. Average end areH method — Calculate vo^um^s^by the formulas of the end area 
method, know the limitations of the formula's, and use earthwork tables to, use as 
alternate means in volume computations. 

5\ Airfield earthwork volumes — Use special airfield earthwork tables to calculate 
volumes by average-end-area method and«explain the significance of the cut^to fill 
factor. . ' \. 

6. Establishing runway gradeline by . profile method — Establish' tentative 
gradelines early in construction to avoid unnecessary delays and allow heavy 
equipment ^to begin working. • ' $ 

?• Computing borrow pit ^volumes — Compute borrow pit volumes by two different 
methods. 

8. Mass diagram — Describe the mass diagram and stat,e its function, value, and 
' use to include volume changes (shrinkage and swell) of soil. 

9. Plotting the mass diagram — Explain the actual development of the mass 
diagram; the significance of th^ various patterns formed by mass lines; and the 
computation of net yardage, total yardage, borrow, and waste from 4:he mass 
diagram. . ^ 

10, Selection of equipment by use of mass diagram — Discuss the method by which 
the suitable equipment can be chosen for a certain lengthy of*' haul and estimate 
requirements for time and personnel. ' , ^ 



' CONTENTS^ 
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Set 1.- Factors Influencing Earthwork Estimatek 5-1 to 5-5 

- 2. Hasty Estimate Method ' 5.5 to 5-9 ^ 

3. Cross Section Method 5.IQ 5.24 

4. Average-End-Area Method ' 5.25 to 5-32 

5. Airfield Earthwork Volumes 5.33 to 5-41 

6. ' Establishing Runway Grade Line by Profile Method .-..5.-42 to 5--49 

7. Computing Borrow Pit Volumes ^ 5.5O to 5-54 

8. Mass Djagram ^ .....5-55' to 5-88 

-9. Plotting the Mass Diagram . ,....5-89 to 5-113 

i^. Selection of Equipment by Use of Mass Diagram 5-II4 to 5-120 

/ ^ ' ,. ' • 



5-2 



Set 1. Factbrs Influencing Eat^hwork Estimates 

FRAME 5-1. 

.JEarthwork computations are the calculations of earthwork volumes or quan- 
tities- m order to determine final grades.^ to balance cul and fill and to plan the 
most economical haul of material. TYxh purposes qf earthwork computations are 

to furnish finSl grades, to balance 1 — ] : and 

and to plan the most economical of material. 



^ (700) (41.30) (5-30) 

FRAME 5-31. . 

The sum of the two figures <41.30) and (700) gives 741 (nearest whole num- 
ber). This is the , in cubic yards between the stations. 



ERIC 



^-3 



(excavation) (embankment) (5^60) ^ 

FR.\JVIE 5-61. * ' - ' 

The mass diagram is used to. determine .the most economical distribution. of 
materials. Since the amount o% excess material between any 'two points 'can be 
determined, a careful study of the mass diagram will show where i(P wrll. be 
expedient to waste material and borrow closer to the area to be filled. The mass 



diagram would aid in determining when to 



material and 



closer to the area to be filled. 



(elevatipjis). (convenient) (5-90) 

FRAME ^5-^1. ' ^ ^ 

Entrfes ffom column 10 (ord^nates) are plotted as ordinates and the center- 
line survey stations as abscissas constructing the ^ 



(cuts) (HHs.) (h»»ite) (5-1) 

FRAME 5.2. , *. ' : . ' 

Materials to*be imported and mixed with subgrade soils for subgrade stabi- 
lizatiwi ar^ incliwled in ^earthwork computations, but base course or paving mate- 
rifl^k te be p ^a c<< ab«v« the subf raik arc not kicluded. Subgrade materials are 
incltHM m the comiNitations ; bwe co»r*e Matcrkiie are . 



$ 



(volume) (5-31) 
FRAME 5^?2. - ^ 

For distances between stations (cros^ sections) other than 100* feet, myltiply 
the result obtained by jthe distance and divide by 100. Should the sum of ,the 
end areas be greater than 1673.9, break up the sum into portions that wilPfit 
the table and add the results to get the tbtal 



(waste) (borrow) (5-61) ♦ i> 

FRAME 5-6^. 

In making, the decision to borrow, the work involved m opening and closing 
a borrow pit, and in wasting excess material, must/ be balah/ed"^amst the de-* 
creased yar^dage output of the same ^quipment *at'l(>ng€(r Jiauls." Decreased yard- 
age output in longer hauls n^iist be\^aiiced^gamM tl)e work of openihg and ^ 
closing a * and^'wasting . 

: ' . ' \ ' . 



ERIC 



(mass) (diagram)^ (5-91) 
FRAME 5-92. 

An ascending mass line in the diagram indicates an excess of excavation, 
and a descending mass line an excess of fill along the portion of the area for 
which the mass diagram is drawn. An ascending mass line indicates an (1) 
of ►•a descending line an (2) j 



of 



) 



5-6 







(not included) (5-2> . . y 

FRAME 5-3. , . . , 

WRen topsoil or unsuitable material is stripped from cut and fill areas and 
placed outside the slope stake limits, cut and fill quantities affected must be con- 
verted (compensate(|^ for the loss of material. Stripping of undesii*able material 



must be 



for fh cut knd fill estimates. 



-J— 



Set 5. Airfield Earthwork Volumes 

(volume) (5-32) ^ ' 
FRAME 5-33. 

Because runways normally are much wider than roads, earthwork quantities^ 
are estimated from special tables of centerline cut and fill depths and correspond- 
ing volumes. These tables are prepared as shown in Panel 5-4. Estimates of 

runway earthwork" require the preparation of (1) ^ 

This is because runways are normally much (2) than 

roads. 



ERIC 




{ ■ ■ ■ V. ■ 

(borrow t^) (exce!^K ( materia!) (5^*2) 
/frame 5-63. ^ * ' • * 

When there are both cut and^fill volumes between 'statiqns, the mass diagram 
^'shows only the volume of earth neee»»ary to complete the b4Ja»ce. Tke volume 
of earth nece8«ary to tKe ^ 



is ^hown in the waiwcfltagram. ^ 



■ e 



.IF 



(1). excess exjcavation (2) excess fill (5-92) 

FRAlrfE 5.93. ^ '4 ' ' ^ . 

' When the mass line forms summit humps, the h^ul will be from, the Jower 
to the higher station nu;nbers, when the mass line forms sag humps, the haul 
will be from the.liigher to the i^wer station niftibers. Summit humps in the mass 

line indicates that the haul will be from the (i) to higher sta- 

tion numbers. Sag humps* indicate the haul will be frqm the (2) _^ 

to the lower statioris. * . * 



Of 



4 



5-S 



( compensated ) ( 5-3 ) 
FRAME 5-4. 



The accuracy with wilVfih earthwork estimates are made is dependent upan 
the precision of field measurements during the prehminary survey and ^nal loca- 
tion. Accuracy of field measurement determines the accuracy of ^ - . _ 



\ 



* K 



(1) special tables (2) wider (5-33) • \ 

A taWe for each site'is^%fecessary as minor differences in transverse ground 
, slopea anfl typical croSs sections seriously affect the quantities of cUt or fill in 
100 f^et x)f runway' ■ ' - * . . ^ 



(complete) (balance)^ (5-63) 
FRAME ,5-64, 

Whefe cut and fill volumes balance between two s^tions, the mass diagram 

may show , - 

necessary^ Earthwork sheets should be used^with the mass diagram in determin- 



ing equipment requirements. 



/ 



(1) lower (2) higher (5-93) ^ V- 

FRAME 5-94. . , 

•The balance line is a hofizontal line -between any two points on the mass 
line where excavation equals embankment. The maximum length of the balance 
line is predetermined on the basis of an- efficient haul. Two points on the mass 
line between which excavation and embankment are equal are connected by a 



ERIC 



5-10 



(earthwork), (estimates) (5v4) ' 
FRAM^5-5. ■ '.'/• 



The precision of field mea^i^emehts i^ouid* b^T^c^^islent with coQ^truction 

j j ' ^^^^^^ • ^'-•r'**^': ' 

irements. Sometimes the ticlicar^tiTatioTi^ic'tates bast>^^^ which 

,.g[iea^irr^tnents woulS^'b^ a wsfe-'of Effort, When X * 



time is^vital, or the type of consthxctidn'is oT.r<i;a;:'Of5Br*, iS'^ 



estimates or eartj^ork wmil^tsuffi^e^^^ 



.4 ^ 



V. , 



f 



^length) (5-34) ^ • 
FRAME 5-35. . ^ 

In runway construction,- minor differences in 



__sl^pes and typical cross 



seriously 9.ffect quantities of cut and fill; 



/ 



9' \ 
# * 



t 



I 
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\ 

\ 



x • • • 




* * • v^]^ ^arth) (haul) (?^)' y 



. ' > 'Panel 5-6 pertain's^to ^sames S-.66 through -5-7^1. Note that the tabulatiohs 
,V *^ " fo^;;xomputing^€art?i\^ork. v^^^ mass diagram are, entered 

' < X ^' ^/orf^ucji ^ coniputj&iiba 5fae(>^:-^Co^^ 1 i^ts the 



1 and 



are -listed in column 2. 



v.. 



r-.? 




(balance line) (5-94) ' - ; V/'- " \'^--'\ 
FRAME 5-95. ~ - V • ' 

The length of a' balance Jifje- is determined by the- length or an. efficient 



\ 
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5-12 



''i i".'.'.' ; »Set 2. Hasty Estimate Method 
(precisidflX Xhasty) (5-5) . , ; 

FRAME 5-6.-^ • ^ 

Earthwork can be estimated with only the centerlin^ plotted and the grade 
established. The average depth of cut or height of fill between 100-foot stations 
is cfltiafiate^ m4 the volume^ of .mat(5rial is *then read from a volume table (p^nel 

5-1).* Plotting of r ' " > / ' and establishment of . 

enable the uee pf a volume tsiWe. 



- 4 -I ,' 
^ r< 



-,(transverse> C^rpund) (sections) (5-35) 
^' i^KAME 5-36. \ " ^ 

^-7 Quantities for tlf^e table are calculated by obtaining cross section areas and 
deteimuning Lj^l^^ by the average-end-area method. 



(stations) (end areas) (5-65) 
FRAME 5-66. 

Cut and fill volumes, in cubic yards, are entered in column 

The quantity of excavation or embankment entered opposite each station^ is the 
volume between that station and the next succeeding station. 



(haul) (5-95)^ 't 
FRAME 5-96. 

The assumed efficient haul distance in panel 5-8 is 1,000 feet. BJ and KM 

whose length is equal to efficient 

haul. ^ 



0 . f 

» • r 



erJc /a 
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, 5-14 



(centerline) (grade) (^-6) * 
FRAME 5-7* 

Required: Cubic yards per lOO.reet of cut, 30 feet wide at^"-^ base, with 
iVz to 1 side slopes and an average depth of 5 feet. Entering the table (Panel 
5-1) at 5 feet in column 1 and continuing horizontally to column 8, the value for 
a 30-foot cut with 1 to 1 slopes is found to be _ yards. 



'i 



4^ 



(volumes) (5-36) 

FRAME 5-37* ^ ^ j 

Tables may be prepared for various ground slopes and 

cross sections by the unit surveying section during slack 



periods for; use when needed. 



5 - 15 
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3 (5-66) 

FRAME 5-67. ^ ' \ 

For example, the fi^re 537 in column 3 opposite station 28 + 100 means 

that there are cuttc yards of excavation between stations 

28 + 00 and '.• ^ 



(balance lines) (5-96) 
FRAME 5-97. ; / 

Balance lines are 'drawn (i)^ [ to the datum line so as 

to intersect the mass diagram at two points, called balance points. The excava- 
tion between B and J, D and F, F and H, and K an^ M is' exactly equal to the 
embankment and -all haul is- within limits of (2) " haul. 



5-16 



I 

648 (»7) 

FRAME 5-8. - ' 

Continuing horizontally, column 11 indicates that yards 

must be added when the slopes are 11/2 to 1. 




(average) (typidal) (5-37) ^ , . 

FRAME 5-38- . ^ 

The table includes the maximum range of cut, and fill for the site. By scal- 
ing the interval of cut or fill between th^ ground profile and the . 



at each station from the sketch plans, the quantity of earth- 



work is obtained directly from the appropriate 
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(1) 537 (2) 29 + 00 (5-67) ' ^ 

FRAME 6-^8. 

Note that both fill and cut are encountered at most stations in* the ta'blfe. 
This means that most sections on this particular project are si^e-hill sections. 
Station, 33 + 00 would be an ' 



y (1) parallel (2) efficient (5-97) 

FRAME 5-98. . 

Betwsfn the two points where the balance line intersects the mass line, ex- 
ckvation : embankment. 



f 
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5-18 



46 (5-8) , . , 

The calculation is as follows: 648 + 46 = 694 yards of cut ^or every 
feet of len&th. Volumes in .table are "in-place" volumes. 



(grade line) (table) '(5-38)<^ 
FRAME 5^39. 

The hitervals of cut and Ml between ^the ground profile and the grade line 

are (1) {? - ^ ^rom the sketch and the quantity of earthwork 

involved found by application of 'the table. Summation of the tabulated quanti- 
ties gives the total {%) u \ I r to be 'handled. ' 



A 



(exception) (5-68) 

FRAME 5-69. ' / ' 

Stripping volume, in cubic yards, is entered in column 4. This normally 
r^epresents one of two things: thr volume of topsoil oh similar material which 
IS stripped and saved for later use, as in a cut section or the volume of unsuit- 
able material which is to be stripped and wasted, a3 in an embankment section. 

Stripping volume njay consist of either material to be for 

later use pr unsuitable material which is strifJped and 



(equals) (5-98) ^ , ' 

FRAME 5-99. ^ ^ 

In addition to the ^factors discussed above^ the placing of balance lines is 
affected by th6 shape and number of the lobes of the mass diagram (refer to 

line DFH in panel 5-a|. If this line is (1) . above its Dresent 

position, it would result in greater quahtity of overhaul. It would extend be- 
yond the points^n the (?) . 

— ^ . r 



t 

Set 3. . Cross Section Method 

100 (5-9) 

• », » ... 
FRAME 5-10. 

The cross section method of computing earthwork volumes is the most widely 
used method in both road and airfield construction. The, method we' are about 
to consider is called the I ' meth6d. 




(i) scaled (2) volume (5-39) 

FRAME 5-40. = 

In Panel 5-4, the factor jpf cut to fill is based on 125 cubic yards of excava- 
tion required to make 100 cubic yards of fill, for fijls 2 feet high aSd under 
(100/125 — 0.8). The factor of ci^t to fill is 125 cubic yards of fill for fills 
feet high and under. 



^5-21 
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(saved) (\vasted) (5-69) " 
^RAME 5-70. ' 

In the project* tabulated in panel 5-6, stripping begins at station 
because the work inv6lved (He' extension of an existing field. 



^ ■ ■■■ ■ 



(1) placed (2) mass line (5-99) 

FRAME 5-100. t 

Placlement of this (DFH) below its present position also would nx)t be eco- 
nomical since a portion of the haul would t,hen ._t the limit 

of efficient haul. Each mass diagram must be given careful study t» determine 

> 

the most efficient placement of every balance line. 



5-22 



(cross) (section) (5>10) 
FRAME 5-11. 

' After the position of the subgrade line and the shape of tl^ie typical cross 

/ 

settion are estabhshed, cross sections are plotted f^ each 100-foot station on 
the adopted centerline in runway construction, and for^ach 100-foot station on 
t^iigents and every 50 feet on curves in road and taxiway construction. The 

position of the line and the shape of the typical — 

^ are first established. 




2 (5-40) 
FRAME 5-41.^ 

For fills over 2 feet high, the factor is 0,85. Cut volume times factor (0.8 
o)- 0.85) gjves volume of , 



' V. 
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32 + 20 (5-70) t 
FRAME 5-71. 

Note that in obtainirg the volumes under column 5, the stripping volume 
(column 4) is subtracted from the quantity of excavation entered in column 3. 

This is because the volume of excavation of column 3 will (1) ' 

be used in making the fill. Excavation volume minus (2) volume 

equals fill volume. * . 



V 




(exceed) (5-100) 
FRAME 5-101, 

The poinjs of maximum embalikment and excavation on the mass diagram 

arc approximately the stations at which the ground line crosses the 

on the profile. 



(sybgraae) section) 
FRAME 5-12>;\^^ 

Cross sections are, plotted for -each 
centerline for runways and road 



-foot s):ation on t^e adopted 



Set 6^ Establishing Runway Grade Line by Profile Method 
(fill) (5-41) 

FRAME 5A2. ] ' 

It is evident, when a field reconnaissance is made, that certain areas will 
need to be excavated and certain other areas will need to be filled. These are 
areas which may be worked on inymediately. Areas of cut and fill readily ap- 
parent should be on . 



(1) not (2) stripping (5-71) ^ 
• FRAME 5-^2. . • , 

^ Similarly, in obtaining thie volume of embankment shown* in column 7, the 
stripping volume is added' to th^' quantity of embankment shown in column 3, 
because this much additibnal material mu3t be used to make the fill. Embank- 
ment volume (column /3) plus 1 volume (column 4) gives 

. , embankment volume. 





(gjrade line) (5-101) 

FjJAME 5-102. ' ., 

The lateral positions of these points, one on frhe mass diagram or one on the 
pr'bfile, will coincide exactly if there is only xut or fill at each station. If both 
cut a-nd fill exist.at th6 same stations, their positions correspond only . 




0 



100 (tangents) (5-12) 

FRAME 5-13.. \\ 

I Besides at iOO-foot intervals, cross sections are plotted at any intermediate 
place when there is a distinct change along the centerline, and where the natural 
ground profile and the grad^* line correspond , (earthwork changes from cut to 

fill). An intermediate interval would be at a change 

along the centerline and at changes from to _L! 



V \ 



A 



( worked >, (-immediately) (5-42) 
FBAMEr543. 



However,. it is often necessary to establish a tentative grade line as a ^ide 
X properly assigning equipment prior to detailed computation of earthwork quhi' 



titles. Establishment of a 
before 



grade enables work to proceed 

computatipn of earthwork quant »<-!es a)e made. 



5'- 'it 



\ • ^ 

(strit>^ing) ;(nft) ^(5-72) 
FRAlVlfe 5;73. , . 

N^t e^<?avation. in cubic yards, available for constructing fills is entered in 

column (l\ Column 5 (net excavation) for fills equals 

applicable figure in column 3 (2) figure in column 4. 



(approximately) (5-102) . 
FRAME 5-103. 

The mass diagram represents the algebraic summation of net yardage from 
station to station. Thus the maximum ordinate above or below any balance line 

represents the total yardage thaMs to be moved from cut to fill, 

disregarding the yardage which is balanced within any 100-foot distance that 
has both cut and fill. ' ^ 



N ERLC 
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(distinct) (cut) (fill) (5-13) 
FRAME 5-14. 

Also, a cross section would be plotted at intermediate places between stations 
when the surface on either side of the centerline is uneven enough to require 
plotting in order to represent properly the volumes indicated between the station 

cross sections. Uneven surfaces between station 

are plotted when necessary for greater accuracy. 




(tentative) (detaUed) (5-43) 



FRAME 5-44. 

The tentative grade line should not be carried too close to the final grade. 
The balance of cut and fill will not be upset if care is taken that cuts and fills 

are not carried too (1) ^ to the expected final grade line. 

The (2) , grade lin'e is a guide and space should be left so 

that the balance of cut and fill are not*<3) : . * ' 



5-29 
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(1) 5 (2) minus (5-73) 
FRAME 5-74. 

Net excavation in cubic yards, multiplied by the proper shrinkage or swell 
factor IS listed in column 6. Net excavation of 2378 cubic yards with shrinkage 
factor of .9 would be ^ - cubic yards% 



/ 

^ < '' ^ z 

(net) (5-103) _ . 

FRAME 5-104. ^ 

In some casfes, 'the excess yardage- is not that figured between 100-foot 
stations, since the yardage is sometimes ^^ulated for shorter or longer distances 
depending on where the cross Sections were taken. Thus in the section of mass 
diaeram (panel Z-St, above the balance line DF, the net yardage which is moved 
from cut to fill (from section DE to EF) is represented by ordinate ED (vertical 

distance from E to line DF). The yardage between D and 

F must be subtotaled from the yardage table panel 5-6. 



(cross sections (5-14) 
FRAME 5-15. 

Cross seQtiohs ^re plotted on cross section paper. The" subgrade elevation 
of the finished section 'at each station is read from the profile. Cross section 
levels are taken from an instrument in the field, if time permits, or from a con- 
tour map. The ^ elevation of the finished section is read 

from ^e profile; cross section levels are taken by ^ if pos- 
sible or from a map. 



(.1) close (2) tentative (3) upset (5-44) 
FRAME 5-45. 

One method of establishing the grade line is to plot 

the centerline profile and the profiles of the shoulder edges. The tentative sub- 
grade grade line is then plotted on the profile bearing in mind minimum* earth- 
work and eflScient haul limits. 



\ i 



I 5-31 
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(2140). (5-74^ 
FRAME 5-75. 

Now let us discuss shrinkage and swell. Whe^^ placed in, a fill and com- 
pacted, excavajLed earth normally will occupy lesJ^space than it did before being 

disturbed. This is called ^ If time permits, the decrease 

in volume, or shrinkage, should be determined by tests. 



(total) (5-104) , 
*TIAME 5-105. 

The net yardage can be taken from the (1) 
total yardage from (2) 



• . ■ • 

- * 9 

(subgrade) (instrument) (contour) (5-15) ^ 
FRAAfE 5-16. 

Cross sections usually are plotted ^to the same vertical and horizontal scale, 
but if the vertical cut or fill is small in comparison with the width, an exaggerated 
vertical scale may be used without reducing accuracy. In plottting cross section 
the saine vertical and horizontal are generally used. 



(tentative) (5-45) . 
.FRAME 5-46. 

The center line (1) [ is first plotted and then 

the tentative subgrade grade line is plotted on the centerline profile. ^'JSJinimum 

(2) 1 — . ♦ ■ and efl&cieht (3) ' * ^' 

^ are kept in mind when plotting the tentative subgrade. 




ERJC 



5-33 



(shrinkage) (5-75) 
FRAME 5-76. 

If tests cannot be made; the table in panel 5-7 can be used as a gu\j^e. It will 

be noted that in^place sand has a volume of change of 

when changed to a loose condition. 




V 

I 

(I,) mass diagKun (2) yardage table (5-105) 
FRAME 5-106. 

Total yardage cannot be scaled from the mass diagram unless all the cross 

sections involved show only cut or fill at any section, which is unlikely 

yardage cannot generally be scaled from the m'a^s diagram. 



(scales>^(5-16) ''■ ■ * - 

FRAME 5-17. 

After the cross sections are plotted, the area can be calculated by several 
^ethdds. Two simple methods are counting the squares and triangle method. 

— ■ — - — ■ ^ method^will , 

be discussed first. ' 




(1) profile (2) eartV.vork (3) haul (5-46) 
FRAME 5-47. 

The grade line corrected for transverse slope is then plotted on the corres- 
ponding runway and shoulder edges. The areas between the grade line and the 
- — - are then obtained. 
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(1.11) (5-76) 
FRAME 5-77. 

After blasting, rock increases in volume. This increase or 

occurs because the work fragments do not fit closely together and many voids 
result 



(Total) (5-106) 

FRAME 5-107. . ^ , 

If the balance points do riot fall on even stations, proper interpolation must 
made in the yardage table. Similarly, the net yardage between points F and 

G, and G and H is represented by the ordinate (the 

difference between the balance line PH and point G, or 10,000 - 6800 = 3200 
cu yd). 



t ■ .■ 

(''counting the squares") (5-17) , - 
4fRAME 5-18. . * 

"Counting the squares" consists o^' counting the, enclosed squares and mul- 
tiplying the result by the area in square feet of one square. Jhis gives the area 
, of the cross section in square feet. The arf^a in^uare feet of one square is deter- 
mined by the horizontal and vertical scales usedyn plotting the cross section. 
The number of squar^ is first counted anrd this number is, multiplied by the ^ 
area in square feet of i_ J[ ^ 



(profile] (5-47) ' . 

FRAME 5^8. 

Cuts should roughly balance fiU^. The, sum of the areas above the grade line 

(corrected by shrinkage or expansion .facto*^ is _J against 

the sum of the areas below the grade ^e. 
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(swell) (5-77) % 
FRAME 5-78. ' * 

One hundred ^cybic yards of solid rock make 125 to 140 'cubic yarchkof 
embankment, depending on the type of rock, the amount and type of explosive 
used, and the size to which it is crushed. The. increase from 100 cubic y^;ms 
to 140 cubic yards^of rock is called 



(FG) (5-107) 

FRAME 5-108. . ♦ , . 

The mass diagram (panel 5-8) also shows the net quantity to be bor- 
rowed or wasted. Remembering that the lines BJ and KM represent an efficient 
haul distance of 1,000 feet, the excess material between A and B should be 

(1) ^ and the material needed for the embankment between 

J and should be (2) : ^ to^void (3) 

haul. ' ' s • ' , 



(one square) (5-18) 

In the triangle method, area is obtained by subdividing the cross section 
into a series of triangles. Geometrically, the area of a triangle is ^/^, the product 
of. the base times its height (A=bh/2). 'therefore, the cross section area can 
be obtained by adding the individual products of base times height for all the 
_2 into which the cross section is and 



^ividing the sum by 



-r 




(balanced) (5-48) , > « 

FRAME 5-49. " v 

The tentative grade line is shifted until the areas obtained are roughly in 

(T) * The balancing of cut and fill require the (2) 

of the tentative g^rade jine. * * r 
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125 (syell) (5.7§) 
FHAME 5-79. . 

/ If the fill is composed entirely of rock, the full factor 

for the type of Yock being quarried is used. 



rr 




(1) wasted (2) borrd^«e4 (8) excessive (5-108) * - 
FRAME 5-109. ' » ^' '^.^ > • ' ^ 

The 1,000-foot distance i^sed in thfs example jand the result3ng*6orrow and 
waste are for illustrative "purposes oily. ActuaBy it will " frequently be more 

economical to haul material sevei*at thousand feetuhan to 

and . 



3. 
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(triangles) (sojxihlded) (2) (5-19) 

FRAME 5-2Q. . ^ ^ ^ ^ 

Bases of the, triangles are taken as the vertical distances between the ground 
and grade lines where the slope of eitb^f^line (or both) changes. The length ot 
each triangle base is equaPto the elevation difference in feet, between ground 
and grade lines. The altitude of each triangle is taken as the horizontal distance, 
in feet, between the cross section points at the base and the apex of the tri- 
angle. Bases of triangles are vertical distances between the 

and a lines where the slope of either one or both cKanges. 



Set 7. CcmpuHng Borrow Pit Volumes 

(1) balance (2) shifttng (5-49) 
FRA3IE 6-50. 

Tj^ere are two methods of computing the volume of material excavated (or 
to be excavated) from a borrow pit. One method is to take original and final 
cross sections ^£ right angles to a convenient baseline, determine the cross sec- 
tion \ , and then determine the . 



(swell) (5-79)^ • V 
FR\ME 5^0. 

If the rock is placed simultaneously with earth fill and all interstices or 
voids are carefully filled and compacted, rock swell will roughly equal earth 
shrinkage, so both factors may be practically ^ . 



(waste) (borrow) (5-109) 
FRAME 5-110. 

Where there is either waste or borrow, the mass diag^^am shows the quan- 
tity', but not the length and direction of haul. One method of obtaining these 
is to make a sketch map showing borrow or waste area and the approximate 

center of mass of the quantities involved. The mass diagram shows the 

^ of either waste or borrow. 



4/ 
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(ground) (grade) (5-20) 

FRAME 5-2^. — ^ 

The altitude of each triangle is taken as the horizontal distance between 

the cross section points at the and the 

of the triangle* 



(1) areas (2) volume (5-50) 
FRAME 5-51. 

The other method (panel 5-5) is to divMe a plan^iew of the pit into a sys- 
tem of squares or rectangles, usually 20 t'o^O feet on a side depending on the 
roughness of surface. The plan view of the pit is first divided into a system of 
or . 
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(disregarded) (5-80) 
FRAME 5-81. 

The shrinkage br swell factor is applied to excavation quantities so that the 
position of the excavation in the embankment will not affect the plotting of the 
mass diagram. The excavation quantity is found in column 
of the Earthwork and Mass Diagram (panel* 5-6) computation sheet. 



(quantity) (5-110) 
FRAME 5-111. 

The difference in length between any two ordinates is a measure of the total 
net yardage of excess or deficiency of material between the stations at which the 
ordinates are drawn. The difference in length between two ordinates will give 

the amount of net excess or , between the stations at which 

the ordinate? are drawn. • 
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(base) (apex) (5-21) 
FRAME 5-22. 

Thus far each triangle in the series of triangles into which the cross section 
may be divided has been considered individually. The triangle method, however, 
goes on« step further (panel 5-2). Here it can be seen that the cross section 
area is more easily computed if two triangles with a common base are considered 

together. The triangle method considers 

with a - as one. 



(squares) (rectangles) (5-51) 
FRAME 5-52. 

Next, the difference in elevation of the original ground and the grade of the 
excavation at the comers of the squares or rectangles is determined and plotted 
along the plan view: This results in a series of prisms (panel 5-5) from which 
cross section can be computed. 
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3 (5-81) 
FRAME 5-82. ^ 

The swell or (1) factor may not be constant through- 
out the project. If so, each factor value should be used for the section to which 
it (2) . ^ 

■ I 




— X. — 

(deficiency) (5-111) 

FRAME 5^li2. - 

Where the mass line ends above the zero ordinate line, there is an excess of 

excavation to be (1) : . If the mass line ends below 

the zero ordinate line, there is a deficiency of of excavation which must be 
(2) '. - ^ . ■ 



(t^^o) (trian|;les) (common) (base)_(5-22) 
FRAME 5-23. 

In the triangle method, the aVtitudes of two triangles are added and then 
multiplied by the length of their common base. Therefore, the cross section area 
can be obtained by adding the products of all the pairs having a common base. 
As before, the sum of all these products is divided by 2 to obtain the true total 

area. In the triangle method, two triangles with a 

can be combined and thus cuts the required compu- 



tations in half. 



(areas) (5-52) 
FRAME 5-53. 

The volume of each pnsjii is determined and then these volumes ,are 
^ to g/t the total area of the pit* 
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(1) shrinkage (2) applies (5-82) 
FRAME 5-83. 

' Frames 5-83 through 5-89 pertain to panel 5-6. Total material ig cubic yards 
required to construct fills is entered in column 



(1) wiasted (2) borrowed (5-112)^ < 
FRAME 5^13. 

GjR^Wy, the average length of haul is approximately equal to the length 
of a horizontal line drawn midway between the peak of the mass line and the 
balance line. Line CI (panel 5-8) represents the approximate average length of 

haul for placing the excavation BD in the embankment (1) \ 

Similarly, line NN' represents the approximate (2) - of haul 

for placing the excavation in the embankment (3) 
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(common) (base)/ 5-23) 
FRAME 5-24. 

Working from left to right the area of the cross section is obtained as in 
panel 5-2. Completing the computations in panel 5-2 the area of the cross sec- 
tion is found to be square feet. 



(totaled or added) (5-53) 
FRAME 5-54. 

When the depth of excavation is uniform throughout the pit, the computa- 
tion of this second method can be expressed i^one formula. Referring to panel 
5-5, the formula for the borrow pit IfT cubic yards is: 



(n X dab) + 



(. dab\ 



,27 

^here d = average height (de^l||^^f excavation) ' 
a, b = length of sides in feet 
,n = number of squares or rectangles 
m = number of triangles 

Depth of excavation, must be to use the 

for volume computations. 
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7 (5-8S) 
FRAME 5-84. 

.The quantity given in column 7 is the sum of. embankment quantities given 
in columns and » 



Set '10. Selection of Equipment by Use of Mass Diagram 

(1) HJ (2) average length (3) KL (5-113) 
FRAME Vll4. 

In order to explain further the use of the mass diagrani in analyzing and 
planning earthwork operations, consider the portion of the niass diagram from 
K to M (panel 5-8). Exc^ivation from LM will be pfeced in enibankment ^ 
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' Set 4. Average-End'Area Method ^ 

191.1 (5-24) 

FRAME 5-25. • ' 

The average-end-area method is the method mofet commonly used to deter- 
mine the volume between two cross sections or end areas. Use is made of the 
following formula; ■ * 

L (A.' + >2)- 
54 

Where: , 

V = volume in cubic yards of the prismoid between areas ,Ai and A2 
L = distance in feet between end areas A; and Ao = ^nd af^as in 
square feet 

In the average-end-area formula L — (1) in (2) . 

between (3) areas, and Aj 4- Ao = area of (4) 

sections in square feet. 



^ Set 8. Mass Diagrom 

(unifolrm) (formula) (5-54) 

FRAME 5-55, . * ' 

The mass diagram is the best Aeans ofma^ng a sti*dy of the excess volumes 
of earthwork between stations on an earthmoving project. It does not take into 
account balanced yardage between stations. The mass diagram is a means of 
studying of earth\^(ork^betwee stations, 
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(3) (4) (5-84) 

FRAME 5-85. J'- 

Balanced yardage, in cubic yards, between stations is entered in column 8. 
This is the yardage cancelled out in obtaining the algebraic sum. The ya'rL^ge 
cancelled out for station 28 + 00 is " ' 



(K^) (5-114) - 
FRAME 5-115. 



T 



The direction of haul will be from right to left. This is because 'this 
[ hump. 



.„.^ IS a 
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(1) distance (2) feet (3) end (4) cross (or end) (5-25) 

FRAME 5-26. ^ . ^ ^ 

If cross sectionS^re taken at full 100-foot stations the volume in cubic yards 
between successive square foot cross sections (A{ and A2) may be found directly 
by the formula 

V = 1.85 (Ai + Ao) / . 
The above formula may be used when the cross sections are taken at full 
-^foot stations. 



(excess) (volumes) (5-55) 
FRAME 5-56. 

The : aids in determining the 

quickest way to complete an earthmoving job and also serves as a guide in 
determining what equipment to assign to specific portions of the haul. * , 



(93) (5-85) 
FRAME 5-86. 

The balanced yardage for station 29 + 00 is 



'The 



balanced yardage figure is used only for the purposes of estimating construction 
time and the scheduling of men and equipment. 



: . • 



(sag) :(5-115) 

FRAME ^.:;llfi. j> 

The average length of haul is represented by the line NN' which is approxi- 
mately 420 feet The best equipment for this ;' of 



is a wheeled tractor scraper combination. 



/ ^ 

* r 



(100) (5-26) 

FRAME 5-27. , ' 

In either form, the formula is entirely accurate only when A/ and Ao are 

approximately of the same shape. The (1) _: ^ areas must be 

of approximately the same shat>e for the formula in either form to be entirely 

(2) . The greater the difference in (3) 

between the two end areas, the greater the error. 

o 




(mass diagram) (5-56) 
FRAME 5-57. 

The mass diagram serves as a guide in determining what 
to assign specific — r 




(327) (5-86) 
FRAME 5-87. 

The algebraic sum for station 28 + 00 is obtained by adding net embankment 

amount and factored (1) L prom this we see that in' obtaining 

the algebraic sum, the excavation is considered plus the embankment is (2) 



' (length) (haul) (5-116) ' 
FRAME 5-117. 

In order to estimate time, equipment, and personnel requirements, it is 
necessary to know the volume of earthwork between K and M. This is done in 
twcrmys — either, by selection from the computation sheet, or where applicable, 
scaling off the volume from' ordinates of the mass diagram. >The latter method 

is of ^fficient accuracy for most situations. The / g^eet is 

used^or greater accuracy; the methScl is suitable for most 

jobs. 
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(1) end (2) accurate (3) shape (5-27) 
FRAME 5-28. 

Even though an error as great as 50% can occur and the results obtained 
are approximate, this method is consistent with other field computations and 

more" accuracy is not justified. This method is of sufficient _ 

for use in estimating earthwork volumes. 



(equipment) /haul) (portions) (5-57) 
FRAME 5-58. 

The mass diagram is a graph on which the algebraic sum of the embankment 
and corrected excavation is plotted against linear distance. The mass diagram is 
a graph with two variables: Algebraic sum of the embankment and corrected 
excavation and : 



\ 




\ 




\ 
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(excavation) (minus) (5-87) 
FRAME 5-88. 

The ordinate or cumulative total of the items in column 9 is placed in 
'^^^^"^^ . with the proper algebraic sign. 



(computation) (scaling) (5-117) 
FRAME 5-118. 

/ 

If the computation sheet is used in combination with the mass diagram, the 
procedure below is followed. Since K does not fall at an even station, it is 
^ necessary to determine this point and compute additional values, to be inserted 
in the computation sheet (panel 5-6). This iz done by. straight-line arithmetic 
interpolation. Points not falling at an even station are computed by straight-line 

and are inserted in the computation 

sheet. . "^0^^ 
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(accuracy) (5-28) 

FRAME 5-29. ^ 

Volumes by average end areas may be obtained c^irectly from an earthwork 
table. Note that the table (panel 5-3) is to be used with the sum, of end areas 
and that it is not necessary to calculate the average end areas. A table can be 

used which requires only the of the end areas to find the 

volume. 



? 

(linear distance) (5-58) 
FRAME 5-59. 

The algebraic sum of the embankment and the excavation is plotted as the 
ordinate, and the- linear distance as the abcissa. The jalgebraic sum of the 
embankment and the excavation is plotted as the , 



Set 9. Plotting the Mass D|agram 

^(10) (5-88) 

FRAME 5-89. " , 

For ease in comparison, the horizontal scale for the mass diagram and the 
centerline profile should be the same — and one placed directly above the other 
as shown in panel 5-^. The vertical scale for mass diagram may be any convenient 
•one — such as 1,000, 5,000. or 10,000. cubic yards per inch. The vertical scale 
for the centerline profile should be normally plotted ground elevations in fee't^ 
The horizontal scales of the mass diagram and the centerline profile are the 



1 



(arithmetic) (interpolation) (5-118) 
FRAME 5-119. 

Point K (panel 5-8) is- found to be aTstation 44 + 92. The fpllowing values 
are computed and inserted in the yardage table: the numbers for station 46 + 00 
' replace those shown in the tabulation panel 5-6. 

<1) (6) (7) ($) (9) (10) . 
44 + 92 355 1213 ^ 355- ' -858 -746 
46 4; 00 - |1659 5767 1659 - ^108 ■ -3362 
The above numbera are the corrections to be made in respective columns of the 
' sh4t. ^ 
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(sum) (5-29) " . - 

FRAME 5-30. 

Following is an example of the use of the earthworl^ table in Panel 5-3. Two 
cross sections. 100 ie^t apart have area3 of 100.1 and SOO^quare feet respectively. 
The sum of the areas is 400.3 squ^e feet. The figure 400 is found to the left of 

the heavy line under the columa headed . On the same line 

with 400 and under t}ie column 0.3 (to the right of the heavy line) is found the 
figure : . ' ^ 

Turn back to bottom of of pag^ 5-3. 




(ordinate) (5-59) - V 
FRAME 5-60. 



. The algebraic sufns are obtained by using excavation quantities as positive 

and embankment quantities as negative. Positive values are : 

quantities; negative values are . quantities. 

Turn back^o top of page 5-4. 
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(same) (5-89) 
FRAME 5-90. 

The vertical scale ol the centerline profile consists of the 

in feet, and the vertica) scale ol-the mass diagram consists of any 
one in cubic yards per inch. 

^ Turn back to bottom of page 54. 



(coinputatioii) (5-119) 
FRAME 5-120. 

Having established the numbers for stations 46 + GO, to find the value of 
earthwork between stations K and M proceed as in panel 5-9. The fina^ quantity 

(— ; — cu yds) is the volume which must be used in determining 

equipment and personnel requirements and in establishing construction schedules. 



(21,460) (5-120) 



END OF FRAMES 
•PANELS AND SELF TEST FOLLOW 
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Panel 5«2. Triangle Method of Determining Cross Seiition Areas; 




Remember (frame 5—23): *" \ 

The ium» of the attitudei of two adjacent triangles are taken as the h^ariiantal 
distance in f^o* between the crass section points adjacent ta their camman.base. 
(See abave crass sectian) 

The camman base is taken ^ps the vertical distance between the graund tine and 
grade line at the paint af change between the two adjacent triangles. 

Working from left to right, the area of the cross sectian is'obtoined o^ follows: 
Base X Total Altitude = 2 x Areo of the ^wo Triongles ^ 
Triangles 1 & 2- = 1.5 x (34 - 20) ^ 1.5 x U = 21.0 ' 
3 4 4 K^;^>U30 - 5) = 3.4 x,25 = 85.0 
etc. ^?M20 - 0) = 
^ 3.4 X (5 + 15) = 

* • 3.4 X (30 - 0) = ^ 

2.1 X (37 - 15] = _ 
Totol 

Don't forget to divide oreo obtoined by 2 (frome 5-19) 
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PqmI 5-3. Cubic Yards in 100-foot Prisms with Specified Sums of End 

Areas. 
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,746 


691 


637 


«683 * 


962 


908 


854 


800 1 


. ,74 6 

' 7^ 


^ 692 


638 


fc84i 
^86» 


963 


909 


865 


801 


^^693 


639 


9^4 


910 


866 


802 


,-^48 


,694 


640 


6^* 


966 


911 


857 


803 


V4^, 


<95 


641 


687 


966 


912 


. 858 


804 


ik 


696 


642 


6$8| 


967 


918 


869 


806 




y 697 


643 


689, 


968 


914 


860 


^06 


7&?] 


,6^8 


644 


690 ^ 


969 ^ 


916 i 


h 861 


807 


7681 




646 


691 


970 


862 


808 


76 4 ^ 




646 


692 


971 


917 


863 


809 


766 1 




« 6471 


698 



Panel 5-3* Continued. 



900 


800 


70O 


60O 


600 


400 


300 


200 


100 


0 


0.0 


0.1 


0.2 


1 

1 0.3 


1 0.4 


\ ^ ^ 


0 6 


0.7 


■] 

0 8 


•.9 




























! 














486 


432 


378 


324 




^ 216 


162 


108 


54 


0 


6.00 


0.18 


0 i1 


0.66 


0.74 


0 93 


1 11 


1 30 


1 4^ 


1.S7 


487 


433 


379 


325 


271 


217 


163 


109 


(6 


1 


1.85 


2.04 


2.22 


2.41 ' 2 59 


2 78 


2 96 


3.1s 


3 33 




488 


434 


380 


326 


272 


218 


164 


110 


56 


2 


3.70 


3.89 


' 4.07 


4.26 


4.44 


4.63 


4 82 


5 00 


5.18 


5.37 


489 


435 


381 


327 


273 


219 


165 


111 


57 


^ 3 


5.56 


6.74 


5.93 , 6.11 


6.30 6.48 




6 86 


7.04 


7.n 


490 


436 


382 


328 


274 


220 


166 


112 


68 


4 


7.41 


7.S9 


7.78 


j 7.96 


, 8.15 


8.33 


8 52 


8.70 


8.89 


9.07 


491 


^437 


383 


329 


275 


221 


167 


113 


69 




9.26 




9.63 


9.81 


' 10.00 


1 10.19 


10.37 


10.66 


10.74 


10.93 


492 


438 


}84 


330 


276 




168 


114 


60 


6 


11 11 


11 30 


11 48 


1 1167 


j 11.85 


12 04 


12.22 


12.41 


12.69 


12.78 


493 


439 


S8( 


331 


277 


223 


169 


115 


61 


7 


12.96 


13.16 


13 33 


i 13.52 


1 13.70 


13 89 


14.07 


14 26 


14 44 


UM 


494 


440 


M86 


332 


278 


224 


170 


116 


62 


g 


14 82 


15.00 


15.19 


' 15.37 


\ 15.56 


, 1S.74 


15.93 


16.11 


16 30 


16.48 


496 


44 I 


387 


333 


279 


2^6 


171 


117 


63 




16.67 


16.86 


17 04 


17 22 


1 17'41 


17.59 


17 78 


17 96 


18 15 


18.13 


496 


442 


388 


334 


280 


226 


172 


118 


64 


10 


18.52 


18.70 


18 89 


19.07 


1 19 26 


1 19 44 


19 63 


19.82 


20 00 


20.18 


497 


443 


389 


336 


281 


227 


173 


119 


66 




20 37 


20.56 


20.74 


20.93 


21 11 


21.30 


2 1 48 


21 67 


21 8S 


22.04 


498 


444 


390 


336 


282 


228 


174 


120 


66 


12 


22 22 


22.41 


22 59 


> 22.78, 22.96 


1 23 15 


23 33 


23.62 


23.70 


23.89 


499 


445 


391 


337 


283 


229 


176 


121 


67 


13 


24 07 


24 26 


24 44 


, 24 63 


24.82 


25.00* 


25.18 


2S.37 


25.56 


26.74 


(00 


446 


S92 


338 






176 




68 


14 


25.93 


26 11 


\26.30 


26.48 


! 26.67 


26.8S 


27.04 


27 22 


27.41 


27.S9 


SO 1 


447 


S9S 


339 


286 


231 


177 


123 


69 


16 


27 78 


27.96 


28 15 


28 33 


' 28 62 


28.70 


28.89 


29 07 


29.26 


29.44 


502 


448 


394 


340 


286 


tS2 


178 


124 


70 


16 


29.63 


29.82 


30.00 


30,18 


30.37, 30 56 


30.74 


30.93 


31.11 


31.30 


50s 


449 


396 


341 


287 


tM 


179 


125 


71 


17 






31.85 


32.04 


32.22 


32.41 


32 69 


32.78 


32.96i 33.15 


504 


450 


196 


342 


21 g 


tS4 


180 


126 


72 


18 


33 33 




33 70 


33.89 


34.07 


34.26 


34.44 


34.63 


34.82 


35.00 


505 


451 


397 


343 


239 


2)5 


181 


127 


73 


19 


36. lA 




35 56 


35.74 


35.93 


36 11 


36.30 


36.48 


36.67 


36.88 


506 


452 


398 


344 




2M% 


182 


128 


74 


Mi 

W 


37.04 


37.22 


37.41 


37.69 


37.78 


37.96 


38.15 


38.33 


38.62 


38.7C 


507 


453 


899 


346 


291 


237 


183 


129 


75 


21 


38 89 


39.07 


39.26 


39.44 


39.63 


39.82 


40. do 


40.19 


40.37 


40.M 


508 


4(4 


400 


346 


292 


238 


184 


130 


76 


22 


40.74 


40.93 


41.11 


41.30 


41.48 


41.67 




42.04 


42.22 


42.41 


509 


455 


401 


347 


293 


219 


185 


131 


77 




42.69 


42.78 


42.96 


43.15 


43.33 


43.S2 


*J in 


43.89 


44.07 


44.1C 


510 


4(6 


402 


,348 


294 


240 


186 


132 


78 


J 




44.63 


44.81 


45 00 


46.19 


45.37 


46.56 


46.74 


46.93 


46. U 


511 


4(7 


403 


349 


296 


241 


187 


133 


79 


26 


4^.30 




46 67 


46.85 


47.04 


47.22 


47.41 


47.69) 


,^7.78 


47.M 


512 


4(8 


404 


350 


296 


242 


188 


134 


80 


26 


48 IS 


48.33 


48.52 


48.70 


48.89 


49.07 


49 26 


49.44 


^r«3 


49.82 


513 


4(9 


40( 


361 


297 


243 


189 


136 


81 




50 00 




60.37 


60.56 


60.74 


S0.93 


61.11 


61.30 




"61.67 


514 


460 


406 


, 362 


298 


244 


190 


136 


82 


28 


51.84 


62.04 


62.22 


52,41 


62.69 


52.78 


62.96 


» 63.16 


53.33 


hlM 


515 


461 


407 


353 


299 


24( 


191 


137 


83 


29 


63 70 


63.89 


54 07 


54.26 


64.44 


54.63 


54.81 


56.00 


55.4C 


55.37 


516 


462 


408 


354 j 


30O 


246 


192 


138 


84 


30 


55.66 


56 74 


55 93 


66.11 


66.30 


56.48 


66.67 


56.85 


57.04 


67.21 


517 


463 


409 


355 


301 


247 


193 


139 


85 


31 


57 41 


57.59 


57*78 


57.96 


58.16 


58.33 


68. S2 


68.70 


58.89 


69.07 


,518 


464 


'410 


356 


302 


248 


194 


140 


86 


32 


59 26 


''59.44 


69 63 


59,82 


'60.00 


60.18 


60.37 


60.66 


60 74- 


60.98 


519 


46( 


411 


357 


303 


249 


195 


141 


87 




61.11 




61 48 


61 67 


61.85 


62 04 


62 22 


62.41 


62.59 


62.78 


520 


466 


412 


358 


304 


260 


196 


142 


88 


44 


62 96 


63 15 


63 33 


63 52 


63.70 


63 89 


64.07 


64.26 


64.44 


64.68 


521 


467 


413 


359 


306 


251 


197 


143 


89 


35 


64 A2 


65 00 


65.18 


65.37 


66.56 


65.74 


65.93 


66.11 


66.30 


66.48 


S22 


468 


414 


360 


306 


262 


198 


144 


90 


36 


66 67 




67 04 


67,22 


67.41 


67 59 


67 78 


67.96 


68 IS 


68.33 


523 


469 


416^. 


361 


307 


263 


199 


145 


91 


37 


68 52 


68 70 


68.89 


69 07 


69.26 


69.44 


69 63 


69.82 


70.00 


70,18 


624 


470 






308 


2641 


200 


146 


'92 


38 


70 37 


70 66 


70 74 


70.93 


71.11 


71.30 


71,48 


71.67 


tl.86 


72.04 


525 


471 


417 


363 


309 


255 


201 


147 


93 


69 


72.22 


72 41 


59 


72.78 


72 96 


73 15 


73 33 


73.62 


73 70 


73.89 


526 


k 472 


418 


364 


310 


266 


202 


148 


94 


40 


74.07 


74 26 


74.44 


74.C3 


74 82 


75 00 


75 18 


75.37 


75.56 


76.74 


527 




. 419 


366 


311 


267 




149 


96 


41 


75 93 


76.11 


76 30 


76.48 


76.67 


76 85 


77.04 


77.22 


77 41 


77.59 


628 


^74, 


420 


366 


312 


268 


204 


ISO 


96 


42 


77 78 


77 96 


78.15 


78 33 


78.62 


78.70 


78.89 


79.07 j 


79.25 


79.44 


529 


1^ 


421 


367 


313 


269 


205 


151 


97 


43 


79 63 


79 82 


80.00 


80.18 


80.37 


80.56 


80.74 


80.93, 


81.11 


81.80 


530 


41(4 


^ 422 


368 


i 


260 


206 


152 


98 


44 


81 48 


81 67 


81.85 


82 04 


•82.22 


82.41 


82.69 


82.78 1 


82.96| 


83.18 


531 


477 


423 


369 




261 


207 


153 


99 


45 


83 33 


83.S2 


83.70 


83 89 


84.07 


84 26 


84 44 


84.631 


, 84.82 


86.00 


532 


418 


424 


370 


316 


262 


208 


164 r 100 1 


'46 


85 19 


85.37 


85.56 


85.74 


8S.93 


86 11 


86 30 


86.48 


86.67 1^ 86.85 


53^ 


479 


425 


371 


317 


263 


209 


165 


101 


47 


87 04 


87.22 


87 41 


87 59 


87.78 


87.96 


88.15 


'88^3, 


88 52)' 88.70 


534 


480 


426 


372 


^18 


264 


210 


166 


102 


48 


88J9 


89.07 


89 26 


89 44 


89.63 


89 82 


90t}0 


90.18 


90 37I 


90.56 


535 


48*1 


427 


373' 


^19 


266 


211 


157 


103 


49 


tfO.74 


90.93 


91 11 


91.30 


91.48 


91.67 


91.85 


92.04, 


92.22 1 


92.41 


536 


48? 


428 


374 


320 


266 


212 


168 


104 


60 


92 59 


92 78 


9!^.96 


93.15 


93.33 


93.52 


93.70 


93.89 


94.071 


94.26 


'537 


48l 


429 


375 


321 


267 


213 


159 


106 


61 


94 44 


94 63 


94 82 


95.00 


96.18 


95 37 


96 56 


95.74 


96.93! 


96.11 


^i»8 


48^; 


430 


37b 


322 


268 


214 


160 


106 


52 


96 30 


96 48 


96.67 


96.85 


97.04 


97.22 


97.41 


97.69 


97.781 


97.96 


'535 


f 1 


431 


377 


323 


269 


215 


161 


107 


53 


98 15 


98.33 


98 52 


98.70 


98 89 


99.07 


99.26 


99.44 


99.63 


99.82 
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JEanel 5-4, Method.of Mqking Quick Preliminary Estimate of Airfield 

\ Ettrthwork. 




AVERAGE GROUND 
, SLOPE 0.1% 



'SECTION WHERE Fill H 3* 



U-- 46* — — 46V 




AVERAGE GROUND SIOPE 0 .1% 

/ i . 

Fill SECTION 



f 

AVERAGE GRO UND SlOPE 0.1% 
JT ^ 

'KsioPiii!^^ 



12- 



CUT SECTION 



avera(;e depth of cut qr 

HEIGHI OF Fill IN FEET . 


VOlUA 


AES IN CU 


BIC YARDS PER 


100 FEET OF lENGTH 


DIMENSION H . I 


Fill. 


CUT 


FACTOR CUT 
TO Fill 


CUT TIMES FACTOR 


. Fiii.o : • 


0 


500 


' 0.8 


400 


CUT-O * 


0 


500 


0.8 


400 


Plll.l 


85 


165 


0.8' 


132 


CUT.l 




830 


• 0.8 


664 


FILL.2 i 


295 


.20 




16 


CUT.*2 




1,375 


0.8 


1.100 


FILl.3 ^ 


1 700 








GUT. 3 




1,760 


0.85 


^ 1,495 


Fill. 4 


1,080 








CUT.4 




1,975 


.0.85 


1,680 


i Fill. 5 


1.475 








CUT,.5 ; 




2,350 


0.85 


•2,000 



... ^. .... ^.^ ^w. • tAv.nT/Miwr< KCWUIKCU lU MARE 100 CU.YDS. 

Of Fill (100/123=0.8) CUT TIMES FACTOR GIVES VOIUME OF Fill THAT CAn'se MADE FHOM CUT 



Panel 5-6. Typical Earthwork and Mass Diagram Computation Sheet. 



• ' (n 


(2) 


(3). 


<4) 


(5) 






End area 






Strlppinf; 


Excava* 


















tlon X 


station 


Cut 


Fill 


Excava. 


Embank* 


Cut 


Fin 


vatlon 


(0 9/ 
cu yd 




tion 


ment 


section 


section 


cu, yd 




sq ft 


sq ft. 


cu. yd 


cu. yd 


cu. yd 


ru yd 


28+00 


116 


9 


537 








537^ 


483 


29+00 


174" 


41 


363 


"ill 
ooo 






363 


327 


30+00 


22 


139 


778 








778 


700 


31+75 


21S 


68 


693 


I7n 






693 


624 


32+20 


614 


136 


2 622 


901 


244 


42 


2,378 


2,140 


33+00 


li.l56 


0 


4 167 


* n 
u 


342 


0 


3,825 


3,442 


33+90 


1 ,345 


0 


4 551 


n 
u 


416 


0 


4.135 


3.722 


35+00 . 


889 


0 


2 459 


I OKI 


308 


33 


2,151 


1,936 


36+00 


438 


70 


oou 




93 


99 


537 


483 


36+50 


241 


635 


604 


2 102 


64 


1 71 
* ( » 


540 


486 


37+00 


411 


1 ,634 


^ . yio 


0 ,uio 


197 


306 


2,721 


2,449 


38+00 


1 ,165 


1 ,074 


4.133 


2,233 


278 


197 


3,855 


3,470 


39+00 


K066 


132 


2,915 


467 


^ 1 o 


loO 


2,637 


2.373 


40+00 


508 


119 


879 


212 


177 


65 


702 


632 


40+65 


222 


56 


166 


331 


69 


46 


97 


S7 


41+00 


35 


454 


196 


2,830 


100 


250 


96 


86 


42+00 


71 


1 ,074 


1,730 


2.000 


211 


153 


1,519 


1,367 


43+00 


862 


5 


1,918 


2,937 


217 


187 


1,701 


1,531 


44+tiO 


174 


1,582 


679 


3,013 


. 107 


204 


572 


515 


44+70 


349 


742 


2,480 


6.673 


242 


307 


2.238 


2,014 


46+00 


680 


2,029 


2,037 


7,307 


172 


286 


1.865 


1,678 


47+00 


419 


1 ,916 


2,922 


4,656 


206 


241 


2,716 


2.444 


48+00 


1 .1^9 


598 


3,58Q 


1 ,780 


202 


142 


3,378 


3.040 


48+90 


989 


470 


4,897 


957 


356 


76 


4,541 


4.087 


50+00 


1,415 


0 


3.926 


0 


389 


0 


3,537 


3.183 


^ 51+00 . 


,704 


' 0 


2,511 


0 


372 


0 


2,139 


1.925 


52+00 


* 651 


0 


2,493 


0 


364 


0 


2,129 


1.916 


^3+00 . 


695 


0 


1,496 


74 


275 


50 


1,221 


1,099 


54+00 


112 


41 


733 


74 


256 


50 


477 


429 


55f00 


283 


0 












GrancT' 


















1 total 






60,013' 


44,914 


5,935 


^3,041 


54,078 


48.668 



(7) 

Net em. 

bank. 

ment 
cu yd. 
I 



93 
333 
674 
170 
243 
0 
0 
163 
751 
2,273 



5,321 
2.430 
603 
277 
344 
3.080 
2.^53 
3;'l24 
.3.217 
6.980 
7.593 
4.897 
1 .922 
1.033 
0 
0 
0 
124 
124 



47.922 



(8) 



Balanced 
yardage 
cu. yd 



93 
327 
674 
170 
243 
0 
0 

163, 
483 
486 
2.449 
2.430 
603 
277 
87 
86 
1.367 
1.531 
515 
2,014 
1.678 
2.444 
1,922 
1.033 
0 
0 

• 0 
124 
'124 



21.323 



(0) 



Algebraic 
sum 



+390 

—6 

+26 

+454 

+ 1.897 

+3.442 

+3.722 

+ 1.773 

—268 

—1.787 

—2.872 

+ 1.040 

+1.770 

+355 

—257 

—2.994 

—786 

—1.593 

—2.702 

—4.966 

—5.915 

—2.453 

+ 1.118 

+3.054 

+3.183 

+ 1.925 

+ 1.916 

+975 

+305 



(10) 



♦ Bi»hnc«i yardage (compacted) between stations is used only for purposes of estimating con.truction time and the tcheduhng of men an* 
eQuipment. ^ 
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Panel 5-7. Soil Conversion Factors. 



Soil type 


Initial ^ 




Dnnvprtpd to 




> condition 


In-place 


Loose 


Compacted 


Sand 


In-place' 

Loose 

Compacted 


.90 
1.05 


1.11 
1.17 


.95 ' 
.86 


Common 
earth 


In-place 
lloose 

Compacted . 


• 

.80 
1.11 


1.25 
1.39 


.90 
.72 


Clay 


In-place 

Loose 

Compacted 


.70 
•1.11 


1.43 
1.59 


.90 
.63 


Rock 

V 


In-place 

Loose 

Compacted 


.67* 
.77 ^ 


1.50 
1.15 


1.30 
.87 



/ 
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Panel 5-9. Computation of Earthwork Volume by Arjthmetic Straight- 
line Proportion Using Mass Diagram and' Computation Sheet. 



To find the volume of earthwork between .stations K and M proceed 
as follows: 

«» 

(1) Take the largest ordinate below the zero ordinate level 
(11,730). 

(2) 'Add to this volume the value of the ordinate above the zero 

line (the value of M at 55 or 746). 
11,730 

+ 746 ' 



12'476 yardage witjiout balanced material 

(3) Add balanced valuer-* Ccol 8) from -station 46*+ 00 to 
^55 4- 00. This is-J3^5. 



(4) Using straight line proportion between 44 + 70 and 46 +• 00 
the balanced yardage between 44 + 92 and 46 + 00 is de- 
tennined'to be 165Q.t^- ' . . ' 

(5) Add 1659' / ! 12,476} 

to 7325 . ' ' : + 8,984/- 

8984 total balanced>a^dage ^'21,460 



J' 



V . 

LESSON 5 ^ 

SELFTESJ 

Note: The following exercises comprise a self test. The figures following each 
question refer to a frame or panel containing information related to the 
question. Write your answer in the space below the question. When you have 
t finishe^answering all the questions fqr this lessonr compare your'answers with 
those given for this lesson in the back of this booklet. Do not send in your 
solutions to these Review exercises. ^ 
t ^ 

1. Using'the table in panel 5-1, what would the. volume (cu yd) of earthwork 
in a cut 300 feet in length, 26 feet wide at the base with V.i to 1 slopes and an average 
depth of 4 feey (level section)? (frame 5-7 and panel 5-1) 



2. Using.^the triangle method for the cross section shown in panel 5-2, what is 
the'combined total area in squ^e feet of triangles 7, 8, 9, and 10? (frame 5-24 and 
panel 5-2) * 



3. In the average-end area niethod» a table can be used, which requires only the 
sum of the end areas to find the volume. Referring to panel 5-6, what would be the 
volume of cut in cubic yards (round off to nekrest ICth^ between stations 33 + 00 and 
33 + 90? (use also panel 5-3) (frames 5-30> 5-32, panels 5-3 and 5-6) 



4. Estimates of runway earthwork require the preparation of special tables. 
In preparing a table for airfield earthwork estimates, what cut-to-fill factor is used for 
fills over 2 feet high? Undep 2 feet? (panels 5-4 and frames 5-40 and 5-41) 



5. The mass diagram is a graph of 2 variables plotted at right angles. What 
are these two variables and how are they plotted (abscissa and ordinate)? (frame 5-59) 



= — y 



6. Because of ^shrinkage, conversion factors must be applied in balancing 
grades between cuts and embankments. If 1200 cubic yards 'of fill are required for 
an embankment, how many cubic yards of in-place sand should* be removed from the 
excava^tion to balance the cut against the compacted fill? (frame 5-76 and panel 5-7) 



7. The balance line of a mass diagram is drawn parallel to the datum line. What 
criteria determines the maximum length of a balance line on a mass diagram? (frame 
5-94) ' 



8. If the mass diagram represents the algebraic summation of net yardage from 
station to station, what does the maximum ordinate above or below any balance line 
represent? (frame 5-103) ' , ^ 



9. Referring lo the mass diagram (panel 5-8), the ha-ul for the fill section KL 
should be made from the embankment LM. What would be the direction of haul? 
(frame 5-115) ^ % . 
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10, There are two' ways of determining balanced yardage in estimating time, 
equipment, and personnel requirements for earth moving projects. One is by selection 
from column 8, computation work sheet. What is the other? (fi^ames 5-86 and 5-117) 



IL The purposes of earthwork computations are to finish final grades, to balance 
cuts and fills, and to plan the most economical haul of material. Which materials 
(making up subgrade and base course) are included or excluded in earthwork computa- 
tions? (frame 5-2) 



12. At what intervals are cross sections plotted and what are the exceptions? 
^frames 5-12 to 5-14) 



13. Using the **triangle method" of determining cross section areas, what is the 
area of the cross section shown in Panel 5-2 ^rom five feet left of the centerline to 
thirty feet right of the centerline? (frame 5-23) 



14. Describe the **6ounting the squares" method of apjirojcjl^flaMng^^ross ^c|li?h 
areas, (frame 5-18) 



15. Assuming a cut section has the dimension H equal to 2 feet (panel 5-4), what 
would be the volume of fill that can be'olTtained from that section if it were 350 feet 
long? (panel 5-4, frame 5-41' 



16. What is the purpose o,f establishing a tentative runway grade line? (frames 
542 to 5-44) 



17. Describe the method discussed in the text for plotting a tentative runway* 
grad^ line, (frame 545 to 5-49)- 

■ ^ 



18. , There are two methods by which borrow pit volumes maybe computed, 
^he final step however is common to both. What is this step? (frames 5*50, 5-52> 



19. ,Using panel 5-6, what is the volume of excavation in cubic yards between 
stations 41 + 00 and 42 + 00? (panel 5-6 and frame 5-67) 



20. Give the following information of an assumed station: 

Excavation (cu yd) = 2,169 
Embankment (cu yd) = 1,365 



Stripping volume 
''^ Cut section (cu yd) = 214 

Fill section (cu yd) = 146 ► 

What is the net excavation in cubic yards for this station? Net embankment? 
(fram.es 5-71, 5-72 and panel 5-6) ' 



21. Referring to pan'el 5-6, how are the^alues of column 6 computed? Give 
.name and number of columns involved. (panejn5-6, frame 5-74) 



22. The algebraic sums of column 9 of panel 5-6 have both positive and negative 
values. What is Jthe mea'ning of the positive and negative signs, ^(frame 5-60) 



X : : 

23. What is the meaning of an ascending or descending mass line in a diagram? 
(frame 5-92) 



24. Mass^ lines will enventually 'form summit humps and s^^f^umps on the 
diagram. Indicate the direction of 'haul in both sumniit hum^ and sag humps, 
(frame 5-93) . ^ . 



ZET. How naay the average length of haul be approximated from the mass 
diagram? (frame 5-113) 



*> 
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)uld irrthe 



Upon completion of this lesson, you should ii/the following subjects areas, be able 
to: ^ ' ' 

Drainage in site selection' — Discuss the valufe of adequate drainage knowing that 
^popr drainage is. one of the major causes of road^nd airfield failure. 

2. Slopes' and ditches for surface drainage — Describe the need to properly assign the 

correct slope to the corresponding requirements and make recommendations of 

slopes; describe the types ,of ditches, their characteristics, and uses for proper 

surface drainage; calculate ^he number, spacing, and height of check dams when 

needed. ^ . ' - ' 

> ^ ' ' ' 

3. Cross drainage — Culverts — Discuss the purpose of culverts, the practices of 
using corrugated metal pipe, the use of the log box culverts, and other expedient 
methods, 

4. Alinement and size of culverts — Discyss the positioning. and alining of culverts, 
the hasty methods of determining the cross sectional areas of culvert require- 
ments, the over design Tactor, the use of Talbots formula for culvert cross sec- 
tional area's, and finally the calculation of number of pipes required. 

5. Length and cover of culverjts — Discuss the important considerations of length, 
' the rules for deptlj^ multiple culvert^* and pipe cover requirements for ah'fields^. 

6. Grade and foundation of culvert — Support the^ selection of a grade to be usedjn 
cuWert construction' citing minimum and ' maximum requirements and discuss 
the, preparaticJns for ^undation and fill.- * . - 

,7. Subsurface drainage"— Discuss the purpose of subsurface drainage, considerations 
^of placement, and the two -types of subsurface trenches (French and tile). 

. • ■ X - • 
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Set 1. Importance of Drainage in Site Solectron. 



V 



FRAMK 6-L . 

Poor drainage i^' a primary cause of road and airfield failurey^ractically^ ' 
any soil, when dry. Will support a vehicle, bu't'most .roads and ru^iWays fail when 
the base course and subgrade become saturated. The primary cause of roa^ and" 
runway failure is ' ' ♦ 



(2) (6-18)- 
FRAME 6-19. . 





.According to panel 6rp, tj^ spajuhg is Weterm 

- v^/.' ^ / -y 100 h\ 



ined by the formula: 



, y - A - B 

-;Based on panel &-4<^(l) tl;>^v^lue fqr H must be between ^ 

— — 1:- feef ;''(2) fhe value for B shoulcjybe between 

< .percent. . \ ♦ \ 



>> 



aiSd 
and 



1 
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(equal) (cross sectional) 6-.36) • , ' 

FRAME 6-37. . , ^ ^ 

In areas where weather conditions are erratic or little known, culvert' sizes 
may be overdeSigned as much as ^ to 100 percent to allow for unusu^rcondi- 

tions. Tq allow for ' " ^ conditions culverts are _ 

from- to • percent. 



/ 

V 



1 



(0.5%) (6-54) , ° 

* 

FRAME 6-55. , ^ " ' ^ 

A maximum grade of 2 percent is used when a bottomless or earth flocrr cul- 
vert is employed. This is to prevent scouring or erosion of the bottom. Earth 
floor or bottomless culverts are built with a maximum grade of 
When^ CMP 9r a box, culvert is employed a maximum grade of ^ 
is^used. ■ ' ' . 



(poor) (drainage) (6-1) - • 
FRAME 6-2. 

Roads ,that cut straight across the terrain without regard for the natural 
sloj^s and stream lines usually require considerable construction — intercepter 
.ditches and cross-drainage facilities. St&ep grades normally require extensive 

erosion-control- work onihe sid^ ditches.- The problem of adequate - ^ 

IS one of the most important encountered in the location, design, and construc- 
tion of roads and airfields. 




(1) 1, 3 (2) 2, 2.5 1:6-19) 
FRAME 6-20. 

■ ,.The height of thepli^kdam Is determined by the formula: 



H = 



.'S (A - B) 



100 



^If the spacing between two checkdams is 50 feet, a -7 % ditch slope can be reduced 
to>a 2% slope on the surface of the water. In this- instigation, tbe'lieigh^ of 

checkdams would be ^— - f^et, which 1s within the permissible 

limits. " - 
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(unusual) (overdesiRned) (50,100) (6-37) • . 

FRAME 6-38. 

The selection of pipe culvert sizes depends on the rate of flow of water to 
be carried, or rate of runoff, aid the height of the road above the strfeambed/ 
Rate of flow is one factor in determining the of pipe cul- 
verts. A limiting factor to pipe size would l?e the ,of roa^ 

above the streambed. * > 



I 



X2%) (4%) (6-55) , • • 
FRAME 6-56. ' " 

' In a|l cases, the outlet end of "the culvert should be protected with riprap 
t)r sod to prevent l_. ^ 



6-6 



(drainage^ (6-2)^ 
FRAfttiS 6-3. 

The greatest single cau^e of work stoppages oh road and airfield construc- 
tion projects is wet weather. In hie construction sequence, drainage is listed 
immediately after the clearing and grubbing phase. Drainage must be con- 
sidered during the early construction phase to minimize woi;k stoppages due to ' 



(H 



50 (7-2) 



) (=2.5) (6-20) 



100 

FRAME 6-21. 

To determine the number of checkdams required, divide the length of the 
ditcb^y the spacing (panel 6-6). The first checkdam is always located ^at the 
bottom of the adverse grade. To reduce the slope of an existing 550-foot ditch' 
from 4 percent to 2 percent with checkdams, each having a 1 foot drop, would 



require 



checkdams. 




\ 
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(siy-e) (height) (6-38) • 
FRAME 6-39. 

Multiple pipe culverts are used to intfrease the waterway area without in- 

creasing the height .(size) of the culv^ert. The yse x>f , • ' 

: culverts is necessary when the road surface is only 



a short distance above the streambed or when the natural stream channel is 
relatively wideband shallow. Multiple pipes should all be of the sanie diameter. 



(scouring) (6-56) • » ^ ^ 

FRAME 6-57. • , , 

(IJulverts are constructed on a firm well-compacted soil foundation, except 
that box culveirts may be placed on suitable rock foundations where such fs en- 
• countered' The foundation is always shaped to fit, or bed, onertenth^jeff the dia- 
meter of pipe culverts (panel 6-20). A pipe culvert is placed in a well compacted 

soil foundation to bed . of the pip^ 

diameter. . ' * . J ^ 



i ' 

(wet) (weather) (6-3) . ' 
FRAME 6-4. , " ' " 

Drainage construction must precede earthwork for two reasons. First^ most 
culverts must be mstalled^in order to allow earthwork operations to progress 
without interuption; second, fills and cuts must be protected from the effects of 
rain and overland flow during all pha^s of construction. Cuts and fills must be 
from overland flow during all phases of construction. 

AC 




(11) (see panel 6-6) (6-21) ^ ] 
FRAME 6-22, 

The weir notch is the discharge slot at the tep of the checkdam. - As stated 
before, it must be big enough to discharge the anticipated rutioff* As shown in 
pane! 6-7, the size of the weir notch can be derived forom the formula: 

Q = CLH3/2 

For practical- considerations, the depth of flow may be assumed and the length 
of slot then calculated, or the length of slot may be assumed and the depth of„ 
flow then calculated. Note that as a safety factor the slot is always constructed 
foot deeper than the depth of flow. 



6-9 . 



(mulliple pipe) (6-39) \ 
FRAME 6-40. ^ - • 

In determining the required area of culverts, as previously stated, the cul- 

vert area mu^t . the cross-sectional area of the upstream 

ditch (streambed). Required areas of culverts may be' calculated by estimating 
(hasty method) the cross-sectional area of the upstream channel or by applying 
an approximate method (Talbot's formula). ' i 



* 



(shaped) (— ) (6-57), 
FRAME 6-58. 

According to panel 6-20, the fill around pipe culverts should be 
placed and tamped to a depth of ^ 
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(protected)' (6-4) 
FRAME 6-5. 

In fill operations, the sides (slopes) of the embankment must be protected' 
from erosion and the embankment itself should be crowned and backbladeJSi^ 
smoothed off whenever it is to be left for any length of time or a storm is imi- 

nent. In fills;' the ^ ^ of the embankment must be protected 

from erosion. 



f 

(0.5 0* »/2) (6-22) 
FRAME 6-23. 

If the flow in a ditch is found to ,be 5 cubic feet per second and assuming 



C = 2 feet, the weir notch should be 



r 



feet dee' 




er|c 



6 -.11 



(equal) («-lO) 
^RAME 6-41. 

' 'The quickest hasty^ method of determiriing the size of waterway fs by the 
econnaissan'ce^method. Three simple measurements of an. existing streambed 

will give the ^ 1 area. To this is added 

a 100 percent safety factor. The culvert is qlesigned with a waterway equal to the 

area of the channel (ditch or streajnbed) plus the 

safety factor. ^\ 



- • V 



J 



(hand) {V2D (diameter)) (6-58) • ' , 

FRAME 6-59. 4 

^ Placement of drum culverts should be done with care. A cradle of \v^ood or 

concre.te will usually be required to provide an adequate 

To avoid collapse from earth and traffic ^oads, place 'the the ent)t*e culvert in as 
narrow a trencK as possible. As in Ihe case .of pipe culverts, backfill around 
drum culverts should be well tamped, particularly on the lower 



(sIiopes> (sides) (6-5) 

FRAME 6-6. ' ' / , ... 

In cutting operations, the center of the cut ^should be kept high to facilitate 
runoff. .There must always be some type of side ditch, cut to drain along the 

sides -^f a working cut. During construction, the of a cut 

should be kepb-^. : and a ^ ditch should 

be provided. 



V 



( 



Set 3.' /tross Dricsinage — CulvWts, 

(1.4 ft) (6t23) , • ^ , . \ 

FRAME 6-!24., 

Whenever natuyal drainage c^harvnels cannot be diverted economically from 
roads, taxiways, and occassionally runways, facilities must be provided to permit 
cross-drainage to flow under them. Culverts are used for this purpose. They ^ 
provide cross-drainage at low points in a fill, provide ditch relief, and contioue ^ 
' side ditches at intersections. Their ease of construction makes them mor^ desir- 
able than small bridges under many conditions. When water has to be drained 

i are usually built. _ 



*'across the line, of *a road or taxiway 
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(cross si*ctional) (lOiV'c) (6-4^) 
FRAME 6-42. 

As shown in panel 6-12, (1 ) the formula for calculatir^ the area of'a chan- 
nel i^s ; (2) the design area for the given example should 

be j:. '_L ^ ^uare feet. 



jsigr 
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Set 7. Subsurface Drainage. '^^^ 

( foundation ) > ( half ) ( 6-59 ) 
FRAME 6-60. 

When rain falls on the surface of the earth, ^ portion percolates ot infiltrate 
into the earth. This accumulates in" voids in the soil or rock beneath .the siH:face 
and becomes what is called ground ^yater. The surface of this layer ot^watef 
which roughly' parallels the surface of the earth, is called th^ water taAle. Tl^e 
water table is generally close to the surface in valleys and well belaW the sur- 
face on the hills or ridges. If the wat^r table level is higher than pennitted by 
construction requirements, it is lowered by subsurface drainage. The object Tof 

. : if L is to lower the , 

)Vnd 



by^ tapping the grovnd water and carrying it off in a pipe 



or ditch. > • 



6-14 



(center) (hij;h) (side*) (6-6) \y 

F^.xm: 6-7. ' ^ r T / • 

The first step*in the design ot (jrainage facihlies fo,r roads, or ^irfields is to 

locate those are^s that.fYiight contribute surface or i>ubs^/faCe .flovv* ta. the site; 

' . % " ' • ^' *, f t» ^/ ' ' 

The seoond and most important stjep is to bc^te alL the fxistmg water r^ourses 

' * ' ^ • , ' ' ^ ' * ^ / 

that can be- used to carry this flow from .the site. lu the desiga of rpad 6r%a)r- 
"^ •N. ♦ ' ' ' • . . " ■ . ^ . . , 

field drainage facilities, the most Important step is to roodt*e -existing ^ ^ ; ' ■ 

, Lr -that' may be' used.. to carry the ^_J5 away 



from the sitje." 



- » Tti ^ 



(culverts) (6-24) ' .7 ^1-' .* 

Siost pipes u«ed'ior xttiverrcon^tnlfc^^ rnkj^^qi ejiha^ZT^if^r^^ cxli?/? 

Crete, cast ir.oli, or^P^^^^g^ted gal^^aiif^ed jjictk^T^i^ 

pipe <t5Mf ) is the^e§sie6t'to,4)kttr^CMP fs^gr^ocSd i>^3nd£^rd slips' ranging 
fr:am 8^to--84^^iehie5*'m diameters ^est^^jii <:^>-Cfl^nged half sections,' bipUed 
- tog^e-thtfT^n the fieJd|,.com;mQnly^j:aii^ge jGii^^ ^diagyj.ter in 6-inch 

^ increments, biujtr sizes ol€G'-Zand-?2^nc^jcliaJnete^ in the theater 

" of tjperations* .B^cJiit^'Jt'ls-easier- to pt^iufe, 4|e^Sble^ . is 

• ^ 'the- mttst. com^don^itemj fourja- in-^sn^Jy^-.o^ersegUs^ :r^- T'S • ' . 

;^ • / t - ^ ' ^ *^ " • - 



\V, r W, ' ■ ' 
(1) — ■ '< W (2) 32 (6-42) . - •- 

* . 2 

FRAME 6-43.» ^ — •• 

Another hasty method. of estimating the waterway -or culvert area is to 
questiOTi Ideal inhabitants about climatic conditions and Ipcation of high water 

mark when the stream is in flood. The size of the channel is then ^ 

on the basis of the reported flow, topography of the watershed, and the appearance 

of the channel. A safety factor is 

added the same as in application of the reconnaissance iwethod. 



(subsurface drainage) (water table) (6-60) 
FRAME 6-61. , ' ' 

In road or airfield construction the water table should be a minimum of 5 

feet below the facility. A site which requires extensive ^ 

should first, be weighed against two alternatives — reloca: 

tion of the facility to higher ground or the u^e of fill tp raise the facility to 
the proper height above the \ 



,6-16 



. ' ^ Set 2. Slopes and Ditches for Surface Drainage. 

^^Watei;); (courses)" (flow (6-7) 
i> FRAME 6-8. 

.Slabding water on road, runway, and parking-area surfaces not only de- 
"^Feeise? operating efficiency but will eventually saturate the -subgrade, causing 
failure. 'Sheet flow (moving water) that is too deep or moving too fast will erode 
the surface^ over which it moves. Surfaces are built with gentle slopes designed 

to remove : water and control flow 

with minimum damage to surfaces and subgrades. 



(CMP) (6-25) 

FRAME 6-26. r 

When pipe culverts are NOT readily available, box culverts can be used. 
They are constructed with a square or rectangular cross .section and may be 
built with /ogs, sized timber, or dimensioned lumber. Box culverts must be de- 
sighed to prevent side as* well as roof cqllapse. _£ culverts 

may be used in lieu of pipe culverts but must be designed to prevent both 
and * collapse. 



ERIC 



(ef#mat<'d) (100%) (6-437 
FRAME 6-44. 

^ Talbot's formula (panel. 6-13) may be used as an approximate method* of 
computing the cross-sectional area of a culvert. Note that the accuracy of the 

formula is dependent pii the selection of the . 

To simplify the use of Talbot's formula, a nomograph (panel 6-14) is used to 
determine the xequired v^aterway after the value of C has been estinpated. In 

the given example, the required area ot culvert is _^ 1_ square 

^feet. This is the correct value to be used and no safety fa.ctor neel? be added. 



(subsurface drainap:e) (wat<*r table) (6-61) 



\ 



FRAME 6-62, \ 

In many cases when a high water table is encountered, the problem may be 
solved by relocating the road or airfield in different terrain, if ^possible, prefer- 
ably on the ^ ^ It may prove the cheapest as well as quickest 

solution. If possit^le, the of a road or airfield may be the 

simplest solution to a water-table problem, 



(standing or surface) (sheet) (6-8) ^ 
FRAME 6-9. - ' ' 

The steepness of the slope or <;rowri required to remove surface w^ter depends 
on the impermeability of the surface material. Concrete and asphalt surfaces,; 
for example, require less slope than gravel or earth surfaces because water does 
not penetrate them as readily. Panel 6-1 shows recommended cross slopes for 
roads and runways. Note t>at earth and gravel surfaces require a transverse 

slope of to inch per foot, while paved surfaces 

require only to inch per foot. 



(box ) (side) (roof) ^^'^M 

FRAME 6-27. ^ 

Log boxtculverts can be made in several ways. Based on panel 6-8— which . 
shows the best method of construction : (1) the sid- logs run along the 

of the culvert with the legs which form the top a,nd 



bottom laid at - angles to them; (2) . 

are placed inside the culvert to provide stability; 

. (3) when low bearing'soil is encoy^tered, ^ and _ _J 

must be used. 



O ' 6-19. 
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(coefficient C) (42) (6-44) * ^ 

After the required* design aW of- culvert is known, a box culvert can be 
designed accordingly. In the design- of pipe culverts/the^ siz(^ and number of 

^'an be found by referring, to panel 6-15. For example, 

the waterway area of an 8-inch pipe is 0.35 square feet.'' The waterway area of 
an 18-inch pipe is ^ , square feet. 



(ridges) (relocation). (6-62) 
PRAiMEy6'63. 

Another;method of obtaining a dry subgrade is to raise the roadbed or run- 
way above the Water table. This method may sometimes be very costly in time 
and material. However, if fill material is plentiful, it may well be the most fea- 
sible solution. A roadbed should be loicated at least ' f^^^ 

above ^ the water table. 



. 6-20 



FRAME 6-10. - 

In addition to the transverse slopes shown in panel 6-1, a minimum lopgi-- 
tudinal grade is normally established for roads and runways. This grade naturally 
corresponds to the grade of the longitudinal ditch to obtain balanced removal of 
water. For military roads, no longitudinal grade is required for fill sections; a 
0.5% minimum is usually adequate for cut sections. Proper removal of surface 
water requires that surfaces be sloped both laterally and — , . 



\ 



(1) len^[th, right (2) stakes, spreaders sleepers, springers (6-27) 
FRAME 6-28. 

Panel 6-9 shows an alternate method of constructing log culverts.' This is 
an excellent .method but takes considerable time to build. Note, in contrast to 

the standard log culvert; the side logs arje placed to the 

flow Ifne and fit into ' ■ in the logs forming the top and 

bottom. ^ ' . 



FRir 



6-21 S 



(pljM's) (1.77) Hi-4r>) 

m most cases, the selection of pipe is limited to standard sizes (panel G-15). 
To find the number gf pipes reciiiired tor a culvert, take the reciuired waterw^- 
area and divide it by the wateiwa.\' area of the pipe selec'ted. Ditch or channel 
area divided by _ area gives the number of pipes needed. 



(5) (6-63) ' , ' 

FRAME 6-64. , ' " ' 

To intercept the ground water, drains must be located on the upstream side 
of the project and must extend down below the water table. Subsurface drains 

are located [ from the project and at -a level j 

the water table. ' - 



.{longitudinally) (6-10) * ^ 

FRAME 6-11. ' . \ ' . * . 

Ditches are normalh iKsed to intercept surface runoff and carry .it^o'a con- 

^ i ' 

vetiient disposal area. Those shown in panqi 6-2 are quickl^' constriJcted with a 



motorized grader. The trapezoidal ditch requires a more skiUfuljcWperator.^ but 
can be built with var\ing base wrdth to carr\ greater volumes of water, when 
required. It is alwa\s used in sand\ or other soit thai erodes eastl\. P'or ease 
Qf construction, howevtyrrirfie „ ditch is normally used. 



( perpendicular ) ( notches ) ^{ 6-28 ) 
FRAME 6-29. ^ 

Another type bf 



culvert is one built with sized timber 



or dimensional lumb'er. This is constructed either with outside bracing or collars 
or with internal bracing. Internal bracing will r^educe the water capacity but 
should be used whenever possible because it provide^ more strength and rigidity 



than outside bracing. 



bracing is preferred to 



bracing in the construction of box culverts built with sized timber or dimen- 
sional lumber. 
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=. Set 5. Length and Cover of Culverts. 

(pipr) (6-4(>)^ ^ ' ' ' 

•FRA.MK 6-47. . . * 

^ The length of culvert (box of pipe) is an important -considemtion. Culverts 
'^ust be long enough to extend completely throygh fills to the 'point where the 

fill- slope 'meets the ground or streambed {paneh6-16). Culverts must be 

* i 

* - - ^ -j,- to prevent earth from being washed 

.into them from the fill and also' to prevent the embankment from being scoured 
by the water as it leaves the culvert. 



1 



(upstn^am) ( below >/ (6-64) ' ^ 
FRA.MK 6-65. 4*\ 

Where springs are encountered they should be capped and the water carried' 

off in a pipe. The object of subsurface drainage in this case is to _. 

^ ' ; 

the wafter tablt intercepting the 



6-24 



\ 



, ("V") (6^11) , ; 

FRAMET 6-12. * * 

Both side^of a ditch need not have the same slope. However, if a deep '*V" 
ditch 2 feet deep is built with maximut^i slope of^ both sides, th^ dit,ch will be 
* , feet wide. 



« 



^ .(box) (internal) (outsfde) .(6-29) ^ 

FRAME 6-30, ^ • . 

^ Altrtough the. resulting strlictures are not as strong as CMP or box culverts, 
expedient drainage structures can be built using steel (oil, gasoline, or asphalt) 
drums. Steel ! are useful . for forming 



drainage structures. 
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(Ions enough) (€-47)4 ^ . ' ' V* 

FEAMK 6-48. ' ' ' , r ' ' ' ^ * 

To .minimize at the downstream end culverts^should 

be 1 or 2 feet longer than otherwise^ required, with the ;?§ded length on^ the 
discharge end (panel 6-17). If headwails aPe constructed at the discharge end. 

: • of culvert may be shortened, but, it usu^ly' takes less 

time^ labor, and mate'rials to buiia. lo'ngei* culverts. . -^^^ 



(lower) (ground water) (6-65) • ^ 
FkAME '6:66. ' ' , . 

Subsurface drainage may sometimes be accomplished hy the use of deep 
open (V) ditches. These ditches are easily built, are r«f&aily*ehlarged, and pro, 
vide positive Interception of subsurf&ce Water before «: reaches the area feing 

protected. Deep __ ; ^ ' . ■ serve the purpose 

, "r- grolind watef. 



FRAME ie-lS. - 

Side' slopes in ditches adjoinilig runways require special consideration. More 
serious iccidents may be avoided if aircraft missing tHe funway can roll through 
ditchea iWithout overturning or .damaging landing gear. Panel 6-3 shows a typi- 

cal side? ditch for a military, airfield. 'Note that this _ 

ditch li|pits the depth of flow to. a maximum of . 



inx^hes. 



(drimis) (expedients) ("6-30) 
FRAME 6-3l/ ^ * 

^ In preparmg steel drums for constructing expedient drainage stru^t^s, the 
pneumatic m^tal drum opener does an excellent job in removing drum heads. 
After the ends arQ remoyed, a continuous pipe is formed by tack welding or 
wiring the drums together. Expedient drainage structures are built by tack 
^ ,or. steel drums together to form a 

continuous pipe. 
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."^Cscourinj- j. jjeo^j^rj' (6-48 ) 




r 



• > » 



r ' 



^ (open or V ditches) (inf#ircepting) (6-66) ' • • - 

FRAME 6-67. 

; DeeRopen ditches are not usually constructed in^long^ stretches but are ^ 
,more commpnly employed' in short stretches at critical points. However, in. 

many cales^ such ditches are a traffic hazard and they are also siibject to epo- ' ' 

sion. , Deep open ditches are usually used only on ./ ! 

of a. project where the water table does not have to be lowered over a substantial ^ \ 
'portion of the project. ^ ' . ^ 0 i 



\ 
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V 



..^^ ^he . mo tofizec^, grader .can. be used to construct any' of the three types of 
dranjage :^lt<ih(»4* 'depending oa the bpecific requirem.entfe. For normal road con- 

'^truKi<>^'i'^gv^frenients' the ^ , ^—i—. ^ ditch 

,'''is jinost' ^U«hle;.. where extra capacity i? needed or. where the soil erodes easily 



ditches best^; the 



43Urch is built near airfield runways. 



Alinement onti Size of Cufverts. 



frame;6-3'2. / ' r - ' ' . >- ^ " ' 

In placing culverts, an effort should be made to^cotitinue the original direc- 
tion of flow Of the water. A change in direction of stream flow at the upper end 
of the (Xuiver.t is objectionable primarily^because it may result in ^ erosion of the ^ 
sides .of channel around the'^entrance\ ^When p^itioning a culvertr the ^ 
^ ; J of flow should be continued in its original direction-, if 

possible;. \ 



* f ' 

• ! > . ! ' ■ 



o - 
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(extend) (prevented) (6-4qT^^ . 
FRAME 6-50, ' ' ' ' , '\ ' «/ • ' ' 

In order to present the collapse of the culvert' under traffic loads, it should 
have adequate earth cover .(panfl 6-18). Pipe?culverts under military roads 

.should have af least '(iT — _ . inchesof ^cover for sizes smaller 

than 24 inches 'in diameter, ' (2) ^ . ' the diameter for ' larger 

^.-^izel The preferred cover for a box culvert is (3) ^ ^ inches 

^.'»fi.d cover for a drum culvert should be not less "than' (4 V ^ . - : •-- 
"'mches. . - . . -->■'--. 



(short) (stretches)- (6-67) 
FRAME 6-68. 

In those cases where right-of-way problems, traffic situations, and erosion 
difficulties make the use of open ditchesi impractical, it may be necessary to use 
a system of subsurface drains. In most cases, 
^re .,used in place of deep 

*% ^ ~~ ; " 

• \ • 
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(deep V) (trapezoidal) (shallow V) (6-14) 
FRAME 6-15. 

Longitudinal (side) ditches alongside a road or runway are referred to as 
collection ditches. Diversion ditches move the v^ater from collection ditches to 
disposal areas. Where a relatively large area drains tov^ard a facility, inter- 
ceptor ditches are needed to prevent erosion or actual flooding of the facility. 

Classified according to their function there are three types of ditches: : , 

n 

' and . 



(direction) (6-32) . 
FRAME 6-33. ^ ' 

Culverts are alined in various v^a>s, depending on the terrain and the stream 
channel. When possible, place culverts at right angles the centerline of the 

road or taxiv^ay. Placing culverts at 

to the centerline is particularly advisable on steep mountain streams' or streams 
with high approach velocities. ' 



^ fl) 12^ (2) », (;^) 18 (4) 36 (6-50) 
FRA.MK 6-5 1; ^ • 

When placing a 'pipe culvert^^.ij»^i fill, consideration must be given to the 
maximum size pipe allowable in the fill so that the minimum cowr is maintained.. 
As shown in panel 6-18 (1) the formula for calculating maximum size pipe 

allowable is ; (2) the minimum cover for the given example 

should be inches. 



\ 



(subsurface) (drains) (open) (ditches)' (6-68) 
FR.AMK 6-69. 

^ ^The two types of subsurface drains normally used are^-the French^ or blind 
drain and the tile drain. The two tvpes of'subsurface drains to remember are 
the blind or „ — . drain and _^ 1 _ draim 

i 



(collection) (diversion) (interceptor) (6-l.>) 
FR,\MK 6-16. \ ' 

A minimum slope of 0.5^ is necessary to make ditche|^g|f -cleaning: the 
maximum desirable slope is set an' about 4^7. When the slo^|ecomes greater 
than the desired maximum, the ditch must be lined wit^^^ap, sodded, or 
paved. Normall\. the difference in elevation per 100 feet of ^^i should be not 
more -than , feet. 



1~ 

r 

(right angles) (6-33) 
FRAME 4-34. 

If a meandering stream is encountered, the culvert sTi^d be installed at 



the best possible location and the stream channel straig^ned as necessary 
(panel 6-10). Some construction such as building 'Wi . and 



digging : 

proper alinement may be required. 



for s?^ing the stream to 
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"V 

(1)..,., 2 W V) (24) (T).:)!) 

If multiple culverts are Uijod the\ should l)e spdU'd a distance (>f one hall 

the dkmeter a[)art. This is done /o providt^ si)aL'e tor tanipm.i: a haek fill as wt^ll 

as preventing the culverts trom ci'ushing each other Ir-om the sides II 2 euN 
verts of 40-inch dianriet-er are used they should be spaced ^ 
inches apart. 



(French) (tile) (6-69) " ^ 

FE^AME 6-70.. 

^ Blind or French drains are constructed by filling a ditch or \rench with 
stone or crushed rock (panel 6-21). The top of the trench is then covered with 
a well compacted soil forming an impervious seal to exclude surface water. The 

. \ drairf is fiUeH^with rocks near the 

bottom and J one^ near the top. 

/ 



(4) (6-16) • 'V 

FRAME 6-17. . ' , ' 

On sidehill cut^ and steep grades, checkdams are pla<ied in side ditches to 
reduce th^^ rate-of-flow (slow the water) and prevent erosion. They are built 
of timber, sandbags, concrete, rock, or other similar materials. Checkd'ams are 
built to reduce the _! , : 



and prevent in side ditches. 



/ 




(dams) (new channels) (6-34) 
FRAME 6-35^ 

On sidehiir roads or* wherever roads intercept surface water, ieither in cut - 
or fill, the w^er is drained to the low side of the road, and. if 'possible, away 
from the road by ditch-relief culverts (panel 6-11). DHch-relief culverts should 

be installed at an angle of to the centerline, to allow a ^ 

more direct entrance of water into the culvert. On 5-pprcent grades, ditch-xgUef 

culverts should be placed about ,^ , , feet apart; on 8-percent 

graides, . feet apart. 



(20) (6.:>2) 
FKAMK 6-58. 

Minimum cover for culverts on air^lds can be .found in panel 6-19. A CMP 
culvert of 14 ^n^o and 12 inches m diameler designed to carry an 80,000 pound 
plane, should have at least ' feet of^'cover 



Jll <^ 



(French) (lar^^e) (small) (6-70)* 



FRAMK 6-71. 



^ 'In the Frenc4i drain, the ground Water enters theHrench from the sides and 
percolates through the large stone at the bottom of the trench until it reaches 
a point where it can be dumped into a diversion ditch. Water enters the French 

dram through the — , - ^ of the trench: the top of the drain is 

. ^ — ^ to ixclude ^ water. 



(rate-of-flow) (erosion) (6-*l7) 

FRAME 6-18. ^ - ^ , 

Side slopes of the ditch immediatelv above and below checkdams (panel 

f ^ 

6-4) require protection from cru^un and scouring. To acconnplish this, a weir 

notch big enough to discharge the anticipated runoff is cut in the middle of the 

xheckdam to prevent backed-up water IvQta cutting at the edges of the check- 

^ dam. An apron, extending from the downstream face of the checkdam. is 

needed to prevent scou^ng. Checkdams must extend at least 

feet into the sides and bottom of the ditch. 

^ * ' Ik' 

Turn back to bottom of page 6-3. 



/ 



(60°) (500,300) (6-35) 
FRAiME 6-36. 

' Size is a major consideration in culvert constructioii. The cro^ssi-sectional 
area of culverts should be at least equal to that of upstream ditches or stream 

channels. The^minimum area of culvert is at least to the * 

\ rj^ area of upstream ditches. 



^ Turn back to top of page 64. 



( 



6-37 



V 



Set 6. Grade and Foundation of Culverts. 

(1.5). (6-53) * ' ^ 

FRAMK 6-54. 

Normally, culverts are placed on the same grado (slope) "as the jiatural and 
artificial drainage channels whiuh dischar<;e into them. To prevent t he aecunui- 
lation of se'diment in pipes, it is generall\ de.sirable to use grjjides^from 2 to -1 
percent; in extreme cases, wher^ the fall of the terrain re(|Uire.s it, 0.5 percent 
grade may be used as the ^iJ)SoIute minimum. Adequate flow to prevent silt 



settling in pipe culverts reqifyes a . 

Turn back to bottofh of page S-I^, 



mirnmum grade. 



(sides) (sealed) (surface) (6-71) 
, FRAME 6-72. ' - 

^ A tile drain is the same as ^the French drain exce{)t "that the trench may 
be filled with gravel in lieu of crushed stone and a pipe is placed near the bot- 
- tom (Vnel 6-21). The pipo is usually °6 inches in diameter although 8- and 



10-inches pipes are also used. The tile drain differs from the Fn^nch drain i 



in 



that a 



is ennployed to carry the Excess water away. 



ERLC 
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(pip<>) (6-72) ^ 
FKAMK 6-73. 

The most common form of subsurface piping is perforated pipe. In cases 
where the perforations do not. extend completely around the circumference of 
the pipe, the pipe is generally laid with the'^holes down and wftli' the joints 

closed. Semiperfdra'ted p|,pe is ajways laid with the holes _ 

and the joints are" ...r. 



ERIC 
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(down) (closed) (6-73) ' . ^ 

Corrugated metal, vitrifi)id clay,.^ an(5 nonreinforced concrete pipe may ^so 
be used for subsurface piping. Such pipe is laid with Spen joints, or the top 
half.mav be sealed )vith ' .-mch to ' i-inch openings on the^ bottom. The mini- 

mum grade Tor all subsurfa^.c piping is 0.3 percent. Either ,^ 1_ 

pipe or pipes laid with ^ » ^ , " ^' / t ^ ^ may be used 

An a tile drain» ^ • 
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(perforated) 


(open joints) (6-74) 


« 








END 


OF FRAMES 
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PomI 6-1. Miiifory ftood ond Airflald/trots Slopes. 



PAVtD SURFACES / 



r 



EARTH OR 
GRAVEL SURFACES 



4. 



SHOULDI^ 



TRAVELED WAY 



CENTER CROWN SEOION^QF ROADS 



SHOULDER 



ft ' 



7 



■J9 



RUNWAY 

CENTErCKOV/N SECTION OF AiXKElCS 



SHOULDER 



■if. 
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Panel 6-2. Typical Ditch -Cross Sections^ 




' Panel 6-3. Typical Shallow "V" Ditch (Unequal Sides) for 

* MiPitary Airfields- . 
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Ptinel 6-4» Timber Checkdam. 




. -Specifications 



Extend. into sides and bottom at least 24 incHIss « 
Ditch bank must extend )2 inches or^more above top 
Aprons sh ogldft. extend downstream approx 3 feet / ft of drop < v 

(measured from bottom of weir) 
Effective he-ght must be between 12 and 36 inches 
Weir notch - Q =' 3LH^ +-iH 

6-44 




Thd ideal slope of woter surface is iO or 50 to 1. 

Spacing oi checkdar^s to achieve this objective is determined by the formulo: 
^ A — B 

Where : 

H = height of checkdam in feet (ditch boj^tom to bottom of weir notch) 
A = percent slope of existing ditch 

B = percent slope of desired woter surfoce 





Panel 6-6. Method of Determining Number of Checkdams Required. 



11 



10 , 



550' 



length of ditch 

spacing 

" r 



Solution frame 6 — pi: 

100 X 1 100 



N = 



4-2 

550 
50 



50 ft 



11 



Proof: ^ 

Difference in elevotion = 550 x .04 = 22 ft, total dr^p 
The 11 checkdams^witl take up 11 ft ' « 

Then:. 22 — 11 =Ml ft , and 



550 



x'lOO = 2%, final effective slope of water surface. 
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Panel 6-7. Size of Weir NotcJ 




Size of slot may be derived from the formula: 
.Q = CLh - - 



V/here: 

Q 
C 



Then: 



peak rate of runoff through ditch in 
3 (consta„nt) ^ ^ 



L = lengthy of notch in feet 



= depth (^^ flow through notch in feet. 



Q 



and V 
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Panel 6-8. Standard Log Box Culvert. 




/ 

C 
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Panel 6-9. Alternate Log Box Culvert. 




Panel 6-10* Alinement of Culverts.'' 




s 



Panel 6*12* Typical Stream Cross Section* 



HIGH WATER MARK, 





FORMULAS: 



Area of channel = x H 



A (design area of culvert) - 



W , + 



X H + 100% (safety factor) 



Where: 

W] = width of channel at the higJi water mark ' 
W2 = width of channel at .the bottpm of t^e streambed ^ . 

H = vertical distance in feet from the bottom of the streambed to th 
high water mark 

Exomple: 

Given — Wi = '5' 
W2 = 3', 
H^ = 4' 

Find design area of culvert: 

A = ~— X 4 + 100% 

2^ 



= 4x4 + 100% 



sq ft 
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" Panel 6-13. Talbot's Formula 



Talbot's formula states that the design j^ea for culverts is cqua^ 
to the fourth root ot the cube of the drainage area in acres, multiF)lied 
by a coelhcient of runoff or: 

A - C D~ . ^ 

In which. 

• A -" area ot waterway opening in square feet. 



D 



a coefficient that depends upon the slope, shape, and general 
character of the area to b.e dr>rffed. 

drainage area in acres. ~ ^ 



The value of the coefficient C is influenced by the shape of the drain- 
age area, the side slopes and the length of the valley^, and by the genera* 
character and culture of the ground. A-11 of ^hcse factors affect the rate 
of runoff. Therefore the engineer must adjust the value of C to su^it each 
case. The value of C should be increased as "the fengfhs of valleys decrease 
in proportion to their widths.' and vice versa. As sid^i slopes steepen, 
C should be increased. . Heavv scrubs-growth would decrease the value 
of C as com'parect with cultivated farm land, whereas rock or barren 
slopes would increase the yalue of C. A value of 1.0 is satisfactory for 
moderately mountainous terrain, or for reasonably steep barren areas 
with abrupt slopes up to 10 percent. Normal values for C are as follows; 



c: 



c 



c: 
c 



0.2 for flat areas not affected by accumulated snow '^vA where ^ 
the length of valley drained is several tifties the width. 

0.35 for gently rolling farm lahd wl^re the length of valley 
IS about 3 or 4 times the width. 

0 7 for rough hillv area having moderate slopes. ^ 

1.0 for ste^p. barren areas having abrupt slopes, and for 
moderately mouO'tainous areas. 
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Panel 6-14. Talbot's Formula Nbmbg'raph. 



By placing o stroightedge ocross the nomogroph with its 
e^ds cofrnecting the 'estimoted voiue for C and the proper 
drainage areq in acres^ the required aiea af waterway in 
square feet can be read directly. This is. the carract orea 
reouired far the cu*l vert'.and na safety facta|»^need be added*. 
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A = C 



A = AR'EA OF CULVERT OPENING IN SQUARE FEET 
C = COEFFICIENT DEPENDING ON CHARACTER Or TERRAIN 
D = DRAINAGE AREA IN ACRES ' ^ 

EXAMPLE - JHE AREa' OF CULVERT FOR A DRAINAGE AREA OF 
500 ACRE^fN GENTLY ROLLING TERRAIN ( COEFFICIENT •■C"=0.4 ) 
SEE DASHED LINE. ABOVE ) ^ 
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^' Panel 6-15. 


Pipe Sizes and End Area. 














o » 


Diameter in 


inches 


Waterwayjorea 
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0.35 














10 . 
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. 15 
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36 




7::o7' 






42 




9.62 






48„ 




" 12.57 

4 \ 
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Panel 6*16. Culvert Length.^ 




TRAFRC LANES + SHOULDERS 
PLAN 



SIDE SLOPE 



01 Diagram for cylvtrt placed @ angl^ U$s thon 90^ to c«nt«riin« of road. 
Ltngth of culvtrt (c| may b« m«a$ur«d; or $olv« for (o) ot In-dfagrom 
(?) btlow, m«asur« lin« (b|: th«n, c = '\ T 



SHOULDER 
SIDE SLOPE I 



SHOULDER' 




TRAFFIC LANES 



FILL 



SIDE SLOPE 



FILL 



SECTION 

(21 Diagram for culy«r» plac«d @ .90*> p«rp«ndicular to c«nt«rlire ef rood. 

Minimum Ungth of culvtrt = traffic lan«t + $hould«rs + horizontol tid« t,top 
distonc«s {@ 90O p«rp«ndicuiar to | 

Givtn : Standard two-ion« road 
Fill = 6 f«tt • - 

, Sid« tlop« = 2 1 

Find Ungth of cuiv«rt w/h«adwall$ , 

•* Solution : * 

^ 2 lan# rood = 23 ft (Pan«l 1— 2| 

i Shoulders 2 x 4 = 8 ft 1Pan«l 1 — 2) 

Slop«t = |2xaj + (2x6) = 24 ft 

23 + 8 + 24 = 55 ft 
Add 2 ft, if wingwalU ar« not ut«d. 

^ ^ 6-56 ^ 



Panel 6-17. Culvert Extended Beyond Fill to Prevent Scouring. 








Panel 6>18. Culvert Cover Requirements. 



yFOR 24 ' OR^LARGER . 

OR SMALLER- " ' . - ' 



12V TQ 18" 



36" M)N 








1 * 









y/ii 




FO> PIPE CULVERTS 



Maximum size pipe ailowable is based on the formula, 
_ 2 



'mox depth in inches) 

Given: F = 6.25 feet 



\ 
\ 



Find: Maximum allowable "size pipe and minimum cover 



3. =-j-(6.25 X 12) = 50 inches 



D = 

Use 48-ineh pipe* 



Cover = ^ = — s inch minimum 
22 — 



^ If calculations for D (the diameter) give a nonstandarc/^size pip«» 
drop back to the ,^ext smaller standard size pipe (panel '6—15). 
Never 9<> Ji^E^* maximum altawable pipe size. 
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Panel Cuiveril^undation 




HAND PLACED AND TAMPED 
TO DEPTH .OF -Lq 



^ ■ BED" MINIMUM OF-^D 



Panel 6-21. Subsurface Drains. 




TILE DKAtN 
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LESSON 6 



^ELF TEST 

Note: The following exercises comprise a self test. The figures following each 
question refer to a frame or panel containing information related to the 
question. Write your answer in the space below the question. When you have 
finished answering all the questions for this lesson, compare your answers with 
those given for this lesson in the back of this booklet. Do not send in your 
solutions to these review exercises. 

1. When is drainage construction begun with reference to the construction 
sequence? Why? (frame 6-4) 



2. What are the maximum and minimum slopes recomnlended and whyjare 
surfaces designed with gentle slopes? (frames 6-8, 6-16) 

' 1 1 



3. Th^ motorized^ grader can be used tp construct any of the three types of 
drainage ditches. Give the three types and tell what they are best suited for. (frame 
6-14) 



4. Give the purpose of checkdams and tell how protection against erosion and 
scouring is provided around checkdams. (frame 6-17, 6-18) 

* _ 



6^ 60 



5. Given the following information on a checkdam being built: 

H is equal to minimum value allowed ^ 
B is equal to minimum value allowed J- 
A is equal to 7% slope - M 

Determine the spacing of checkdams according to the formula foR spacing (frame 6-19 
and panels 6-4, 6-5) 



6. Determine the number of checkdams required in a 600 j^t ditch from 4 per- 
cent to 2 percent. Each drop is 2 feet high, (frame 6-21, panels 6-6) 



7. Describe the purpose of a culvert, (frame 6-24) 



T 



8- Support your choice of the following culverts as being the easiest to con- 
struct, (frame 6-25) ' ^ 



a. log-box 

b. timber-box 



c. oil drum 

d. CMP 



9. What material is ideal for use for expedient culverts? 
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10. Although the first principle in placing'culverts is to continue the original 
direction of flow if possible, what method should be e^tnployed in providing: cross 
drainage for a meandering sti*eam? (frames 6-32, 6-34) 



i 

11. What should be the spacing, in feet, of ditch-relief culverts on an 8-percent 
grade? (fram,e 6-35) 



12. Using the reconnaissance method, what would be the design area (sq ft) 
of a culvert which has a channel width of 8 feet at the high water mark, 6 feet at the 
bottom of the stream bed, and the distance from the channel bed to high water mark 
is 6 feet? (frame 6-42 and panel 6-12) 



13. If a culvert is to provide for a drainage area of 15 ^cres of gently rolling farm 
land, what diameter of pipe (inches) should be used? Use Talbot's formula nomograph 
assuming C = 0.4. (frame 6-44 and panel 644) 



14. If a culvert requires a design area of 25 square feet, how many 48-inch- 
diameter pipes would be required? (frame 6-46 and panel 6-15) 



r 
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15- If the fill section of a roadway is 7.8 feet, what would-be th^e maximum ^ize 
pil^e (inches) which might be used to construct a culvert? (frame 6-51 and panel 6-18) 



16. What is the minimum cover requirements (feet) for a CMP culvert of 16 
gage, 24 inches in diameter, designed to carfV a 120,00'b-pound plane? (frame 6-53 and 
panel 6-19) 



17. To what depth in inches should the fill around a 36 inch-diameter CMP 
culvert be well tamped? (frame 6-58 and panel 6-20) 



18- Describe the purpose of subsurface drainage, (f^ime-6-60) 

^ 



X 



19. What'>is the minimum distajic^in feet that a military road or airfield should 
be located above the ground water table? (frame 6-61) 



20. Under normal circumstances, a trapezoidal ditch would not be suitable to 
provide for subsurface drainage. Under what conditions can deep open ditches be used 
for subsurface draina[ge? (frame 6-67) ^ 
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21. Explain the difference between the French drain and the tile drain. 
(frame.6-72) 
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LESSON 7 



EARTHWORK OPERATIONS AND EXPEDIENT SURFACES 
CREDIT HOURS _ 1 

TEXT ASSIGNMENT Attached Memorandum. 

• _ LESSON OBJECTIVES 

Upon completion of this lesson, you will, in following subject areas, be able to: 

1. Typical construct^tasks — Discuss the logical sequence for scheduling; define 
key words in scheduling; explain the use of the dozer for ground preparation and 
construction; and finally describe the components of a road and airfield. 

2. Road expedients — Discuss the classification of road expedients according- to 
^ terrain and construction effort; discuss construction of cordu/(^y roads, chespaling, 
•j portable metal landing mats, the army track, tread roads, and snow and ice 

expedients. j - ^ ' 

3. Airfield portable surfaces — Discuss airfield portable surfaces to include the fwo 
classes (landing mat and nylon membrane), their description and use. ^nd 
describe Briefly the use of dust palliatives and their limitations. 

I CONTENTS 

Frames 

Set^l. Typical 'Construction Tasks _7-l to 7-20 

2. Road Expedients 7-21 to 7-50 

3. AirfieldJPortable Surfaces 1 -\l-__7-51 to 7-59 
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Set 1. Typical Construction Tasks. 



FRAME 71. 



A road or airfield construction project is broken down into basic construction 
tasks which arc performed in logical phases or sequence. After one task of the 
project, such as the clearing of trees and brush, has been completed on a certain 
area, the second constructipn task of stripping the area is begun. At the same 
time, the first task of clearing would be started in another area, f Thus, time 
and effort can be saved by performing several types of construction tasks 

simultaneously. The simultaneous scheduling of construction 

in logical contributes to the efficient completion of a 

construction project. 



(subbase). (depth) (7.J5) 
FRAME 7-16. 

As previously discussed, colnpactipn is required to obtain a stable soil founda- 
tion. Heavy pneu|jgtic-tired rollers are preferre^for the 

, , but final shaping is done ^W^^e graden 
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(stringers) (substantial) (7-30) . ^ 

FRAME 7-31. 

The 'third type of -corduroy — heavy (panel 7-4) — requires the use of 
sleepers. These are heavy logs 10 to 12 inches in diameter and long enough to 
carry the entire, road and are placed at right angle? to the centerline "on 4-foot 

centers. Sleepers give added , ^ and stability to t^e roadway. 

The corduroy with stringers is constructed on top of tlie sleepers. \ 

' c 



(army track) (smooth) (7-45) 

FRA^E 746. . • 

"Another expedient is the tre^d road. Tread, roads are made by preparing 
two narrow, parallel treadways of select material for vehicular wheels to use over 
otherwise impassable ground. The material used may be anything from palm 
leaves to 4-inch planks with a consequent wide variation m the' capacity and 
durability of the road. Roads m^de by preparing two narrow paraiiei treadways 
of select material are balled roads. 
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(tasks) (phases) (7-1) . 

FRAME 7-2. ^' 

^ »^ . • 

A step or particular type operation in a construction project is knowrt as 

a (1) - f When the task is performed would be its (2) 



\ 




(compacting) (subbase) (7-16) , - . 

FRAME 7-17. 

Up to this point, military roads, airfields, •and railroads are similar in 
construflyfion. Roads and airfields now require a base course and wearing surface 
while railroads^-afe^mpleted by the placement of ties, ra^s, and ballast V)n the 

subgrade. In road and airfield construction, the 1- 

is laid over the or- : • 



r 
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(strength) (7-31) ' 
FRAME 7-32. 

Portable corduroy mats made by wiring together 4-inch logs can be pro- 

fabricated and put down quickly when needed,* ^These : 

corduroy mats have the advantage in that they' may be ^ 



(tread) (7-46) 

FRAME 7-47» ^ ^ 

Because of the wide variance of materials from which they can be constructed, 
tread roads can be either "hasty** or ''heavy'' expedients. Tread type construction 
is better adapted to muddy terrain than to sandy, though a heavy treadway ^an 
be used in either type situation. Tread roads can either be 



I 



expedients. 



or 
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(\) task (2) phaso (7-2) 

,FRAMK 7 3. . ^ ' - 

. / 'S|R*cific cohstiiK ti(Hi*taskb art* common to road. airfK'ld, and railroad projects. , 
TliosL* tasks include - ck'anni; and K^rubbinK. stripping, ditching ((frainage ), cut 
and fill (earthwork K compaction. prepariUion of subbase and base course, and 

surfacing, rf'he ^.^ completion of projects depends on the proper 

of construction tasks. 




(base course) (subbase) (subgrade) (7-17) 
FR.VIVIE 7-18. 



Base course construction includes the placing and compaction o/ controili^^ 

— 

lifts of blended aggregate. The material' used for a (1) : 

is generally well graded gravel or crushed rock. If necessary, 

the materials may be (2) , on the job by using a grader. 

Best compaction is obtained from pneumatic-tired roll^fS'-with final rolling made 
by Ihree-wheei rollers. As with subgrades, h'igh spots.;af^ removed and final 
shaping is done with the (3^ 
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{portable) (pretabricated) (7-32) 
FRAME 7-33. 

Diagonal corduroy, with decking placed an angle of about 45^ to the 
centcrline. is a modified construction applicable to any of the three dommon types 
of corduroy. Putting the decking at an angle decreases the impact load, since 
each log supports only one wheel at a time and there is longitudinal as well as 
lateral weight distribution. Diagonal corduroy is preferred for hkvy traffic- 

traffic, corduroy is used^to reduce 

loads. 



V 

(hasty) (heavy) (7-47) / 
FRAiME 7-48, / 

The most important single type of tread road is the plank tread road (panel 
7-8). Sleepers 12 to 16 feet Ibng are first laid perpendicular to the centerline, 
on 3-to-4-foot centers depending on the lo^ds to^ carried and subgrade conditions. 
Then place 4 x l^^nch plants parallel to the traffic to form 2 treads, about 36 
inches apart. If finished /imber is not available, use logs as sleepers The 

: — ^ ^ IS the most important type 

of tread road. When sedirely spiked together, a plank tread road is a very 
durable ''heavy" expedieht. , • - 



f 



(efficient) (scheduling) (7-3) 
FRAME 7-4. ' . 

> 

Clearing includes the* removal of brush and trees from the construction site. 

4c- 

Clearing should sta'rt at the point of disposal and fan outward so that trees and 
brusH can be pushed over a cleared area. If logs are cut from felled t^ees. this 
should be done in the disposal area to avoid interference with the clearing opera- 
tion. (1) should begin at the point of (2) 



and (3) ^ ! for the efficient removal of 

trees and brush from an area. 



(1) base course (2) blended (3) grader (7-18) 
FRAME 7-19. 

The final Construction task is that of surface preparation. For military roads 
the top6f the base course will often be used as the wearing surface. Fine material 
will be spread, waterec^. and rolled with a steel wheeled roller to give the road a 
smooth water repellant' To provide a longer lasting . road 



a bituminous surface may be used. 
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(1) hea\y (2) diaj^onal (3) impart (7-33) 

FRAMK 7-34. . - ' * 

Chespaling. a '*ha*y- expedient used in either mud or sand, is made from 
small green saplings J- preferably about I'j inches in diameter, and 6^ feet 
long, wired together to form about a 12^fool^long mat (jjanei 7-5). These mats 
are often rolled into bundles and earned on each wheeled Vehicle, then used when 

necessary to cross sandy terrain or ^ gel out of mud. L 

is a hasty expedient which can be used satisfactorily in either 

or 



(plank) (tread) (road) (7-48) 
FRAME 7-49. 

Xow let us consider expedient •roadwa>s for Snow and ice conditions. An 
adverse condition is encountered where snow and ice are so plentiful as to make 
removal impractical. Here expedient roads cai/be made out of the snow itself. 
When the roa,d is laid out. more eniphasis must be placed on making grades and 
curves as gentle as possible. Then Jie snow is compacted into a hard mass capable 
of supporting the weight of vehicles. A liarder surface can be made by pouring 
water on the compacted snow and allowing it^ freeze. When snow and ice cannot 

be removed, abroad can be made by the snow and making 

'- — as gentle as possible. 



4 
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(1) clearing (2) disiwsal (3) fan outward (7-4) 
FRAME 7-5. 

Two types of equipment are used in (1) . operations. 

The crawler dozer is the best piece of equipment when large trees or steep slopes 
are involved. Wheeled dozers do well in light clearing operations. In a heavy 

stand of large timber (2) would be 

used;* (3) would be inefficient. 

\ 



0 



(surface) (7-19) 
FRAME 7-20. 

Elxcept for forward Army runways, military airfields' are almost always 

surfaced. After the ! has been prepared 

a portable landing mat or a bituminous is added. 



4 



ERIC 



(cheNpallnK) (mud) (sand) (7-34) 




FRAME 7 35. 

Chespaling mats may be constructed from dimei^sioned timbers and wired 
together to resemble a picket fence. A variation, slightly more effective for 
crossing sand, is made by attaching chicken wire netting to the bottom of the 

mats. Attaching [$ ' 

to the bottom of chespaling mats, makes them more effective in 

% 
4^ 



I 



(compactin^O (cur\es) (g;rades) (7-49) * 
FRAME 7-50. 

Frozen lakes or streams can be used to move trs 
be first carefully reconnoitered for quality of ice, 
conditions. The load bearing capacity can be deterr 
or by consulting tables, such as panel 7-9. Ice 12 |5 inches thick will safely 



However, the route must 
gckness, cracks, and shore 
bd either by an actual test 



support 



ton vehicles spaced 



feet apart. 
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(1) clearing (2)^'ni\vh»r jlo/ers (3) wheeled dozers (7-5) 
FIWfME.7-6. 

Grubbing is the rem^^jal and dispbsal of stumps and embedded boulders left 

in the area after clearing. Crawler dozers are very efficient^ for removing stumps 

up to So inches in diameter. The removal of stumps after clearing is a 

.task for which the ! can be used 

/ 

effectively. ' 



Set 2. Road Expedients. 

(base course) (surface) (7-20) 
FRAME 7-21. 

In the theater of operations, orthodox or permanent construction of military 
roads is often impossible due to the condition of the ground, the tactical situation, 
or other circumstances and in such cases some expedient means must be employed. 

In place of orthodox or permanent construction methods, , 

methods must often be used for the construction oi^^^itary roads. 
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(chicken wire netting) (sand) (l-io) 
FRAMK 7-3G. 

A chespaling road is constructed by 4a>ing a double row of mats, each mat 
having its long axis na^'rallel to the centerline, with *a 1-foot overlap at the center- 
line. The successive mats are then'wired together. This type of road must be 
kept wet to prevent the saplings from becommg brittle and breaking. Chespaling 

mats should have a 1-foot overlap and shoqld be (1) _ together. 

The saplings should also be kept (2)^ . ' 



Set 3. Airfield Portbble Surfaces. 

(10) (65) ajO) 
VR^ME 7-51. 

The use of portable surfaces of some kind provides certain advantages in 
the construction of airfield surfaces. Batching plant erection ,and the logistical 
problems encountered when using concrete or bituminous materials usually pre- 
clude the extensive use of permanent type surfacing in theater of operations 

airfield construction. The time required to surface a runway with \ 

. is far less than with a concrete or bituminous surfac^ 



a^. 



I ■ 

i 
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(^rubbin^) (crawler do/.er) (7-6) 

FRAiME 7-7, ' , \^ 

Stripping, another task, consists of removing the organic material or over- 
burden from the project area. The removal of topsoil would b.e termed 

, ♦* 



^ 

(expedient) (7-21) 
FRAME 7-22. 

V The choice of the material used is important in securing best and quickest 

results. With a choice of materials, the principal factors which will determine 
the type of expedient used will be the time available for construction, desired 
life of the road, and the type of terrain the road must traverse. On the other 
hand, the type of material available will be the controlling factor which will 

determine the ^ of selected. 

\ A 
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(1) wired (2) wet (7-36) . 
FRAME 7-37. „ . 

^ excellent chespaling type expedient for beach roadways, used extensively 
in th^ Pacific theater in World War II, is the bamboo mat. These mats are very 
light and comparatively strong. They are made by splitting 2-inch bamboo rods 
and weaving them into a mat in a manner similar to rug-weaving. The rods 
should be soaked before weaving and the mats should be kept moist while in 

use. For beach rpadways the ; jg 

excellent expedient. 

t 



(portable) (surfaces) (7-51) 
FRAME 7-52. 

Portable surfaces for airfields fall into two principal classes — the landing 
mat and nylon membrane. Landing mats are designed to provide a structural 
load distributing media and wearing surface. Nylon membranes are intended 
only to protect otherwise structurally adequate surfaces from changing char- 
acter in wet weather and to eliminate dust. The two principal classes of airfield 

portable surfaces are . 

■ 5 : and. 



(stripping) (7-7) 



FRAME 7-8. 

Tvhe equipment used in stripping are dozers, tractor scrapers, and graders. 
Dozer's are the best choice of equipment when the material is to be moved only 
a short distance. For longer hauls, the tractor scraj^r combination is best. For 
lighLstrippmg. the grader can be used. Scrapers are'^aded while moving forward 
to^the disposal area. Therefore, in stripping for an airstrip, the tractor scfBj)^er 



FRAME 7-23. 

In practice, the life of a facility will depend ^eatly on, the time used to 
build it. Expedient rpads can be classified as "hasty" expedients when they are 
to be built quickly, and last only a short time, and as "hea^' expedients when 
they require more time to build and last longer when built. The two expedient 

types classified by design,/Hfe, and time required to construct are _ _ 

and expedients. 



would be used for (1) . hauls, th$ dozer for (2) 

hapls. Light stripping could be accomplished by use of the (3) 




(type) (expedient) (7-22) 




4 
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(bamboo mat) (7-37) - 
FRAME 1-38. ^ 

Another type of expedient roadway is the portable metal landing mat (panel 
7-6) designed originally for '^ionstructing airfields. Since they can be used for 
sandy beaches as well as airfields, they have become the foremost expedient for 
crossing ' terrain. 



(landing mat) (nylon membrane)^ (7-5^) 
FRAME 7-53. 

Two^ general categories of landing mats have been - established, one for 
njiedium duty and one for light' duty. Each is capable of sustaining 200 coverages 
of a 25.000^pound single wheel load with tire pressure of 250 pounds per square 
inch. The medium duty mat can be pla^lS over a subgrade with a CBR as ^w 

as>4, while the mat must be placed on a sub- 

graSc having a CBR of at least XO. * - ' 
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(1) lonji (2) short (H) ^vmIvv ('7-8) ' ' . . V*: 

FI^AMK 7-9. • * 

Ditching IS the task pnfviding drainai^c for a {'onstriiction site. Ditcliing 
Qperatioiis include the shaping of open drainage gutters, and; alscf th^^^a\ati.<^ 
of ditches for utihtiws or closed drainage s\^stems. The ditching operation should 
start at the lowest elevation which will insure proper drainage oft the ^rojec 
Care should be taken that backfill mateVial in closed trenches is properly corei 

pacted. In view of the al>ove, drainage gutters would be started as (1) i — i 

as possible to properly dVain t^e site. In closed trenches, (2) — L^_.^i 

material should be care;f^ully compacted. . ^ 



is 



(hasty) {hea\y) (7-23)* <!^ , • - 

V FRAME 7-24. > « . 

Road expedients can bojurther classified according to a^third factor, lype of 
terrain. "Mud expediepts" a% structurally strong and spread the load over^a 
wide- area of the subgnade. "San,d expedients" need not be sfnUtrt^alk^ strong 
because\t-h$i>;S^^fi"^ ground under the^^ and take advantage ^af^he high 
^ bearing capacity of the -sand. ^I^^U^^ sand expedient roads aVe used according 
^ conditi^K'Expedi/nl.snow atid ice routes wo\ild also 



be examples of classification accWWng to^.|errain. 
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(sandy) (7-38) 
FRAME 7-39. 

Metal landing mats can be placed directly on the sand to the length and width 
desired, though membrane underneath the mats greatly improves the job. The 
smoother and firmer the subgrade, the better the resulting road. The mat is 
placed so that its long axis is perpendicular to/the flow of traffic andWch 
section must overlap the previous one so that. the required connections can be 
accomplished. When using metal landing m^ts, Jhe subgrade should be made 
and as possible. 



(light duty) (7-53) 
FRAME 7-54. 

Integral locking lugs provide easy assemfely and end connectors prevent 
the mats from curling up at the ends. Laying rates\vary from 243 to 574 
sq ft 'man-hour. The side and end locking devices enable", individual mats to be 
removed for repair or replacement, even in^the middle pf a '^completed runway. 

The side and end \ devices provi^ ease of assembly and 

ready replacement. ' -V, ' \ \ 




(1) soon (2) backfill (7-9) ^ ' ' • •/ / 

FRAME 7-10. ' ' ' r . ► 

For trenches, the ditching machine is norman\\'used. For haMer materials, 
the back^hoe should be used. Fur cutting and shaping open ditches, the grader 
and dozei^ are employed. There are three methods used in ditching: by use of 
back hoe, the ditching machine, or and . 



(terrain) (7-24) 
FRAME 7-25. ^ 

There are several types of materials used for expedient roads such as — 
corduroy, chespaling, metal landing mats, army track, and ot!|aers. Each type 
of material has its advantages and disadvantages in a given situation. Therefore, 

the type of material used must be to the particular situation. 

The engineer with ingenuity will discover additional materials and their adaptation 
for expedient road construction. 



"^moolth)v(finn) (7-39) 

\^eta!l,litocling mats can also be used on mud, but they are nol satisfactory 
on mad when.' used alone. Mud pumps through the joints and the mat sinks 
until it becom^d. ineffective. J Experiments have proven that with the use of 
membrane to.l^revent the pumping of the mud, a fairly effective expedient 

can be confltructl^. Metal landing mats should not be us4d in 

unless some measures are takerf stop the mud from ^ through 

the joints,, * \ 



(locking) (.7^) 
l^RAME 7-65. ^ 

Several nylon membrane surfaces have been developed, but only the T-17 is 
available in Army supply, the T-17 is a neoprene-coate!^jlo^(5mbrane 
designed to furnish ta dust-and water-proofing capability for landing areas or 

access roads. ^ ^ surfaces provide' a 

\ \ \ ^ - and - 



ability for landing areas or access roads. 



cap- 



(grader) (dozer) (7-10) 
FBAME 7-11. 

Cuts and fills are types of earthmoving operations. Both axe made as ap- 
plicable to maintain a ccfrrect grade or elevation for road and airfield projects. 
Insofar as possible, the cutting operiition is planned and keyed-in with the filling 
operation so ,that these two operations are as nearly balanced as possible. The 

'removal of expess material is by (1) and the emplacement 

of additional n^tenal i^ by (2) . . Cuts and fills should be as 

nearly (3) as possible. 



4 



(keyed or suited)'. ( j-25) 
FRAME 7-26. 

materials '^.re available, corduroy construction can be used in any 
theater of operations vyhere a heavy expedient road is needed over muddy terrain. 

A corduroy road cah Ije classified both as a : and 

expedient. *. | \ 



<1) mud (2) pumping (7-40) 
FBAME 741. 

A second layer of the steel mat. laid as a treadway over the initial layer, will 
further increase the effectiveness of this expedient. In either case, the foundation 
should be as smooth as possible. A second Ia>er of metal landmg mat, used as 
^ ^ v,-ill increase ils effectiveness as a road surface. 



(■yion membrane) (dust) (water-proofing) (7-55) ^ 
FEAME 7-56- * 

The T-17 membrane is furnished as Membrane Set, Rimway Surfacing, 
aad Membrane Set, Taxiway Surfacing. Panels furnished for runw^ surfacing 

arc 66 feet wide and 100 feet long. Panels furnished for 

surfacing are 36 feet wide and 100 feet long. 
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(l)>ut (2) fill (3) balanced (7-11) 
P^RAME 7-12. 

^As We have seen when discussin;; stripping, dozers can be used in earthmoving 

if the spoil IS to* ne moved a ( 1 ; distance. Scritpers are 

used when a large quantit\ of material must be moved, and where the haul distance 
to the stockpile, fill, or disposal point is beyond the economical ra^ige of (2) 

. Panel 7-1 shows the method of cycling enabling the equip* 

ment to cut and spread in both directions. 



0 
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(heavy) (terrain) (7-26) 
FRAME 7-27. 

Ther^ aje three types of corduroy construction : standard corduroy, corduroy 

with stringers, and heavy corduroy. The most frequently constructed 

is the standard type. 
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(trea(h\a>) (7-11) 



FRAMK 7-42. ' ^ 

Une layer oi the mat would constitute a 'iVastN" exi)edient quick to lay 
and not durable enuu^di to last lon^. but a'"heay\'- expedient ean be constructed 
simply by using several layers, best laid over- a i)r-dpared base. Metal lariding mats 
can be used to make either or _• exi)edunus. 



: 1 

(taxiway) (7-56) « ^ 
FRAME 7-57. 

The T-17 membrane can be placed on unprepared subgrade, but will offer 
better service if the topsoil is removed to provide base stability and alinement. 
No special skill is required for emplacement. A ditch is cut along each side of a 
runway or road, the panel is then stretched across and anchored by backfilling 
the ditch. Rolls are laid longitudinally. The panels are overlapped and bo^ed 

by an adhesive prepared for neoprene-coated materials. For best results 

should be .to provide a smooth subgrade. 



id 
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(I) short (2) do/ers (7-12) 
FRAMK 713. '^ 

Compaction is the artificial densification of a soil mass (fill, subgrade, or base 
course) without appreciable change in moisture content. After loose material has 
been spread, it must be cumpaeted to eliminate voids and attam bearmg strength 
thus precluding settlenlent. The moisture content of the soil being compacted 
must be carefully controlled. The process of artificial is called 



<corduroy) (7-27) 
FRAME 7-28',. . . ^/ 

The'slandard type fcordproy (p^nel J-2) requires the placing of 6-to 8-inch- 
diarneter logs about 13 feet long adjacent to each other (butt to tip). Along the 
edges of the roadway thus formed, 6-inch-diameter logs are placed as guardrails 
.(curbs) and drift-pinned in place. The dimensions of the logs used in a standard 

type corduroy roadway are v to L inches 

in diameter and about ^ feet long. Pickets about 4 feet long 

driven into the ground at regular ifttervals hold the roadway "in place. 



\ 
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(hasty) (hviivy) (7-42) C. 
FRAME 7-43. 

One difficulty encountered in tl'sing metal landing mats is their^endency to 
curl up at edges. This can be Overcome by making an ex^vation at the edges 
of the road about one foot dOep with a th-ree to one slope on the side of thfc 
excavation nearest the road. The mats are bent to fit the trench, placed in posi- 
tion and the excavation bacft-filled over them* Another method of securing the 
'edges is to use a curb as shown in panel 7-6. Metal landing mats will tend to 

! up at the and measures should be taken 

to correct this difficulty. 

. « ,3 



(topsoil) (removed) (7-57) 

FRAME 7-58. • ' , 

Another method of eliminating dust from runways, 'taxiways, hardstands, 

and warmup aprons is by the use of dust palliatives. Oil and vegetation can be 

used successfully as ."dust palliatives. However, these canqot be used on the 

present jet based fields because heat and jet blast would set them on fire and 

displace- them. (1) : is extremely harmful to airplane engines. 

Oil and vegetation palliatives can only be used on (2) 

airfields. 

« 
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(densifioation) (compaction) (7-13) I 
FRAME 114. . ' 

SheepTfDOt and pneumatic-tired rollers are generally used to compact' em- 
bankments -(fills) below the subgrade. Regardless of the equipment used, it is 
necessary to place the fill in thin layers {^Ao 9 inches) to jnsure uniform (1) 

. throughout the mass, while at the same time controlling 

(2) 1 : content. Because of its protruding feet the (3) 

roller is* very effective in compacting plastic soils. 



(6) .(8) (13) (7-28) - • ^ 

FRAME 7-29.. 

To give the corduroy greater smoothness, the chinl^s between the logs are 
filled with brush, rubble, twigs, and so forth. The whole surface of the roadway 
is then covered with a layer of gravel or dirt. In other words, the roadwa^ must 
be made as , as possible. 
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.(curl) Mk<*s) (7-43) 
FKAMK 7-44. 

'' ^ Another expedient^oad surface is the portable timber expedient known as 
arm\ track, (panel ^1). This can be used to pass vehicles across sandy terrain. 
Th€^ track consists of 4 x 4 or larger timbers threp^led at each 'end on a ^ j-inch 
wire rope and resembles the ties of a railroad track. The timbers musto()0 spaced 
not-greater than the dtstance which will allow the smallest wheeled veliicle using 

the, road to obtain traction. Army track is a timber 

expedient and resem^bles the ^ of a railroad track. ^ . 



(1) dust (2) non-jet (7-58) 
FR.AME 7-59. 

Bituminous materials are commonly used as dust palliatives. Chemical 
agents such as calcium chloride (CaClj) have also been used with success. How- 
ever, CaClj is genea^ally not used on airfields because of its corrosive effect on 

aircraft. ' materials or [ ^. have been 

successfully uied as , ^ L^.V'^*- 



(1) density (2) moisture (3) sheepsfoot (7-14) 
FRAME 7-15. 

The task of subbase construction includes the placement and compaction of 

« 

select material between the subgrade and the base course. The depth ^of the 
subbase will depend upon the depth which will affect the structural design or 
be affected by climatic conditions. The material between the subgrade and base 

course is called and its ' is determined 

by t)ie desired bearing capacity or climatic conditions. Sometimes compaction 
alone will give the subgrade sufficient bearing capacity, and a subbase is not 
required. 

^ ^ Turn back tQ bottom of page 7-3. 



(smooth)' (7-29) . / ' ^ ' 

FRAME 7-30, , v j , 

A more substantial road can be -made by placing log stringers (panel 7-3) 
parallel to the centerline on about 3-foot centers. The corduroy decking then 
is laid on the stringers *»and securely pinned to them. The surfaced area is 
prepared as for the standard corduroy. Therefore the stringer corduroy road 

is the same as the standard corduroy except that are used 

under the decking making it more than the standard 

corduroy road.' 



Turn back to top of page 74. 
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(portable) (ties) (7-44) ' 
FRAME 7-45. 

f 

Cable holes are drilled at a 45" angle to the centerline so the cable will bend 
and prevent^ individual timbers from moving together. Cables are anchored 
securely at both ends. The spaces between the timbers are filled in with select 

material to smooth out the surface. Spaces between timbers in 

^ shoud be filled to ^ out the surface. ^ 

Turn back to bottqm of page 7-4. 



(bituminous) (CaClg) (dust) (palliatives) (7-59) " 

END OF FRAMES 
. / PANELS AND SELF TEST FOLLOW, 



r 



I 



Panel f.]. Scraper Operations, f '*. 





scrapErs working two cuts with a common fill 




SCRAPERS WORKimS FROM SINGLE CUT-IN TWO OIRECTriONS 
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' Panel 7-2« ^ Standard Corduroy. 




Vanel 7-3. Corduroy with Sirin^ers. 




Panel 7-4. Heqyy Corduroy. 



— ir . 0** 




LENGTH DEPENDS ON GROUND CONDITION 



CROSS SECTION 



Panel 7-5. : Laying a Chespaling Jtoad. 






/ . , Panel. 7-7^ Army Track*, 




'. - Panel 7-8. Plank Tread Road. ; 



• STAGGER 
V JOINTS 

p 




FLOORING 3"/4",x 10" x lO'-O" 




CROSS SECTION 



« 



Pan#l 7*9.' Load Copobty of Ice. 



Capacity 



Bfinimum 
. spaciiif 



IVi r Individual soldiers 1 

2, ladividual soldiers ^ 

4 - ' Single horse or infantry column I ' 

8 ^ Administrative vehicle^ artillery 

up to 21/2 tons, or" 4-ton vehicles 

* * with maximum axle load of 2.7 tons 

1{K13 i.- 8-ton (gross) vehicles, including 

loaded 2V2-ton truck ^ 

12-15 10-ton vehicle (gross) _ 

14-18 J— 20- ton vehicle (gross) ^ 

20-38 40:ton vehicle (gross) .V 



'20 'paces 
5* paces' 
65 feer 



65 feet 

65 feet 
65 feet 
65. feet 
100 feet 



• Panel 7-10. MX-19 Aluminum ^at.' 



i 



OVERLAP 
- LOCK- 




MALE 
HINC£ ' 



CONNECTORS 



0.063 




PROFILE 



FEMALE 
HINGE 




OVERLAP 
LOCK 



CONNECTORS 




MALE 

"HINGE 




UND6RL>P FEMALE 

l5c^ hinge ' 

. conI^ectors. 



PLAN OF PANEL 



NOMINAL DIMENSION^ 
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SELF TEST 

Note: The follwing exercises comprise a self test. The figures following each 
question refer to a frame or panel containing information related t6 the 
question. Write your answer in the space below the quekion. When you have 
finished answering all the questions for this lesson, compare your answers with 
ihose given for this lesson in the back of this booklet. Do not send in your 
r solutions to these review exercises. 

JL. In road or airfield construction, the project is broken down into basic con- 
; struction tasks. What is the key i4ea causing efficient completion of a construction 
project? (frame 7-1) 

' U£ 



2. Describe the direction of the Clearing operation with respect to the disposal 
area, (frame- 7-4) \ ^ 



f-3r" Define grubbing and name the piece of equipment best suited to perform 
this task, (frame 7,-6) \ . 4 . , 




. 4. A major factor. in constructing and maintaining combat-ready roads and 
airfields is drainage: ditches are essential to good drainage. What equipment is used 
f6r digging dutches in hard material? (frame 7-10) ' - . 
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5. In earthwork, all fills should be placed in thin layers and then c(mipacted. 
What is the purpose of this? (frame 7-14) 







: ' 


1 



6. •^'Base course construction includes the placing ^and compaction of controlled 
lifts of blended aggregate. > The material for blended aggregate is generally well 
graded gravel or crushed rock. Discuss the operations which follow and the equimient 
required once placing of the blended aggregate is complete, (frame 7-18) ^ 



7. ^Support your choice of one of the following factors which must be considered 
before others when d^ermining, the type of expedient to use in the construction "of 
military roads, (frame 7-22) 



9u time available 

b. d^sii^ed life of facUity 



c. terrain features 

d. choice of materials 



8. Give the characteristics by which road ex)>edients are classified and give 
the different Classifications, (frame 7-23) 



1. 



S^ How is a corduroy road expedient classified? (frame 7-2&) 
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10. Corduroy construction makes an exfcellent road expedient over muddy 
terrain. Which of the following types of corduroy construction is 'used most fre- 
* quentiy? (frame 7-27 and panel 7-2) 

^ a. stringer ' - c. standard • 

b. heavy * * * d. "sleeper 



. ./ 

11. Diagonal corduroy is preferred ^or heavy traffic. What is the purpose of 
diagonal construction? (frame 7-33) ^ 

^ ' ^ 



/ 



12. Chespaling is especially useful as a hasty expedient for traversing muddy or 
sandy terrain. What.must be done to chespaling in the way of maintenance? (frame 
7-36 and panel 7-5) . ^ ' ^ ' 

^ ■ \ '.^ 



13. What should be used with metal landing mats to make .them remain stable 
during periods of heavy-rainfall? (frame 7-40) 



^"^v ^- : 



14* ^ OveT:,what*type terrain is army track most effective? (frame t44) 



15. Which type of tread road is the most important? (frame 7-48 and panel 7-8) 



K. In actic regions, excellent roads can be made of snow. Besides the compac- 
tion of the snow, what other step is most essential? (frame 7-49) 1 



17. How many paces apart should individual soldiers be spaced when crossing 
ice Vh inches thick? (frame 7-50 and panel 7-9) 



18. Landing mats used as portable surfaces for airfield runways should provide 
a structural load distributing medjum and wearing surface. What category "oif landing 
mats should be used when the subgrade CBR is 7? (frame 7-53 and panel- 7-10) 



7 



19. What is the purpose of impi^meable membranes when used' as a surface for 
, airfields? (frame 7-52 and panel 7-55) 



20» , What dust palliative is not liormally used at airfields because of its corrosive 
effect on aircraft? (frame -7-59) JT/ . ^ ^ ^ ' ^ ' ^ 



ANSWERS TO SEbr TEST 

LESSON 1 -Construction Requirements and Deslgh Criteria. 

All references are to lesson frames and to panejs. ; 

\ 

1. Although engineer units are responsible for mainlining military roads, they 
provide only major maintenance of Arpiy airfields; that is, work beyond the capability 
of\he using unit. Minor maintenance, of Army airfields, t)ierefore, mus't be done by 

' units using the installation, (frame 1-6) . U , • ^ 

2. There are six principal tasks in road and airfield construction: clearing, 
grubbing, stripping, earthwork, drainage, and surfacing, ^learing is the removal of 
timber and surface boulders; stripping is the removal of objectionable top soil. 
Removal of ^nrps and roots is grubbing; earthwork is referred to as grading and 
essentially means cutting off high spots and filling in low places to get a grade level 
enough. It is the most important construction task becausfe the most time and effort 
are normally required. Drainage is the removal of unde^jreji volumes of water and 
surfacing is the final placement of whatever wearing surfacte will be used, (frames 1-7, 

1-8) ' : ^ 

3. Any sketch which is similar to panel 1-1 showin^'the wearing surface on top, 
the base in between and the subgrade on the bottom (panej 1-1), 

V" 4._ 'Superelevation refers to the slope of a road around a curve; that is, difference. 
injelevStlonfeTween "outside" and "inside'* edges of tt\e traveled 'way." TframeA47') 

5. Traveled way (single lane) . . Minimum — IIV2 feet. 
Traveled way (two lanes) . . '•'Minimum — -23 feet. 
Shoulders (each side) ..... Minimum- ^ 4 feet. 

Cleariijg Minimuni 6 feet on each side of 

roadway, (panel 1-2) 

6. Normal maximum IQ percent • 

Desirable maximum . . . tangents and gentle curves, less than 6 per- 
cent; sharp curves, less than 4 percent. 
' (panel 1-2) 

7. Vertical curve lengths are determined by the following specifications: 

Invert curves . . >. . . 100 fe'et minimum for each 4 percent 

algebraic difference in grades. 

Overt curves *. . 125 feet minimum for each 4 percent^ 

algebraic difference in grades, (panel 
' 1-2) 

8. * The slope of a road;A^ith a paved (*rown is set at V4 to V2 inclf per foot to the 
• centerlinev (panel 1-2) / , ^ ^ 

9. ^The overrun-isiocated between the^ runway aild the approach zone, (panel 
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10. The location of roads and airfields depends on the military necessity. 
However, dense forest and rough terrain require extensive cleai;ing and earthmoving, 
while use ot existing facilities usually saves time. If the military situation permits, 
good planning generally means maximum use of e5risting facilities, (frame 1-3) 

11. Item 5, panel 1-2, requires a minimum^o^^^ turnout every V4 mile for single 
lane roads. Thus, (2 V4) - 1 = 7 -turnouts are required for a 2 mile stretch of sirigle- 
la1ie road, (frame 1-10 and panel 1-2) * ' . : 

12. Adding to the length of the runway (3000) the two lengths for the overruns 
(300 + 300) gives a total length of 3600 feet, (panels 1-3, 1-4)' 

13. The increase in altitude in tl^is case is 2000 feet above the altitude |bf 1000 
feet, so the TGR is increased by 20%. (item 2,\^an^ 1-5). Thus: 

2000 X 1.20 = 2400 ft 

The increase in termperature is 10 degrees and the TGR is less than 5000 feet, so the 
*rtinway length mus\ be increased by an additional 4%. (item 3, papel 1-5). 

2400 X 1.04Nf 2496 ft. ' ^ ' ' . 

(frames 1-30, 1-31 and panel 1-5) . ' ; 

14. Since this runway is in a rear area, the safety factor is 1.5. (item 4, panel 
1-5). Therefore: - 

2496 X l5 R 3744 ft. 



The effective gfrildient is 1% over 2%, so the runway length must be further corrected -.^ 
by adding another 8%. (item 5, panel 1-5). ' 

3744 X 1.08 = 4043.5. Rounding this figure up to the n^xt even hundred, ''^ 
(item 6, pa«^l l-5)i the final runway len^h becomes 4100 feet, (frames 1-32, 1-3, and 
panel 1-5) 

The length of runway found in panel 1-9 is 450 feet and adding the'^two 
overrun lengths of 100 feet each gives a total length of 650 feet, (panels 1-7, 18, 1-9) 

J> * « 

16.' Panel 1-9 shows minimum width for a service road of a heliport in a forward 
area as being 11.5 feet, (panel 1-9) ^ 



\3 " ' "-^^^ 

^ 
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LESSON 2 ^^Reconnaissance and Location of Roods* 

r All references are to lesson frames and lesson panels. 



' 1. ^,Tlie first purpose of reconnaissance is to find a solution to the tactical need. 
•The moi't important factor to consider is the tactical need, iframes 2-1 and -2-3) 

2. A road 'reconnaissance is made to obtain information about existing roads, 
primarily for immediate use and establishment of a route. It may include estimates of 
^he practicability of improyement/Und^the engineer work in conditioning a road to 
accommodate specified traffic and loads, (frame 2-4) 

3. Section II of DA Form^ 1248 provides for detailed inforniation on alinement, 
draf^ge, .foundation and road surface, (frame 2-6 and panel 2-1) 

4. Reportabtejtems of section III of DA Form 1248 are: 

i (a) Ovei'head obstructions, less than 14 feet or 4.25 meters, such as tunnels, 
l|||^idges, overhead wires and overhanging buUdings. 

(b*) Reductions in road widths which limit the traffic capacity, such as 
(araters, narrow bridges, archways and buUdings. 

* (c) Excessive gradients (above 7 in 100) 

(d) Curves less than 100 feet (30 meters)' in radius. 

' (e) Fords, (panel 2-1)^ 
k 



5. The purpose of periodic road reconnaissance is to maintain complete data on 
the condition of roads currently in use. The information obtained is normally post^ on 
a situation map. To insure that roads are NOT maintained loqger than needed, 

jnain tenancy requirements based on periodic road reconnaissance are coordinated with 
^the principal users^ (frame 2-7) . ^ 

6. 'When* a new road is determined to be necessary, the first step is called 
location reconnaissance, (frame 2-8) 

• r 

* , 7. Locating p6rfions of the new road along and over existing r^g^tds, railroads, or 
trails is always a primary: goal. The use of existing facilities shorten§,j5wistruction 
time and, in many cases,_pr ovides better roads than (^an be buUt from the ground up on 
the limited time available during combat operation, (frame 2-10) 

8. The organic soils of a swampy area are the most diffitult to dralii and have 
the poorest bearing capacity. Excessive engineer effort and possible road faUure can 
normally be avoided when the types of soils are accurately identified during a location 
reconnaissan.ce. (frame 2-13) 

^ 9. Natural drainage is usually good drainage. Locating a road to tak« 
advantage of natural drainage also reduces the construction effort required.^ Long 
stretches of flat ground often .drain poorly. Locating a road along ridges and streahi 
' lines usually takes best advantage of ns^tural .drainage. (fraTne 2-14) 

10^ ' A geolog^tts advice on ground-water tables is, especially useful in location 
-reconnaissance. It is also ne^ed in determii^g effects, of anyyrock formations, 
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essen^lly to avoid extensive blasting work on cut and fUl operations and the danger 
of landslides and rock falls, particularly where clay or shale layers are present. 
(iAme 2-15) . . ' . ^ 

11. Rock formations are also important considerations in location reconnaissance 
in regard to possible quarry sites for construction materials (fill, base course an^ 
surface course), ground water tables, and excessive blasting work, (frame 2^16) 

. 12. Ease of future maintenance is a factor. In areas of rain or snow, locating the 
: road on the sunny side of slopes and canyons minimizes the possibility of the road's 
becoming impassible for long periods and eases maintenance work, (frame 2-19) 

13. At times, tactical and engineering considerations are an conflict with the best 
location based, on the preceding criteria. In these cases, the location criteria must be 
subordinated. An overriding tactical consideration, for example is that the roa^ must 
be ready for use wherf the situation requires it. Improvements may bfe^ffected ^t a 
later date, (frame 2-2&f 

■ \ * ■ 

* " 14. Convenient sites for development as bivouap areas and supply points may be 
important tactical requiremelits, as well as provision for aptillery and armor units to 
leave th'e road to fire. emergency missions. The latter would alsp enable trafhc using 
the road to* take cover in 'the event of an air attack, (frame 2-2lf 

15. Map reconnaissance and .|jound reconnaissaffce are two methods used for 
determining roa^ location! Study of maps and aerial photographs can readily eliminate 
ot|viously undesirables-routes and indicate one or more possible 'routes where ground 
reconnaissance might be ma^e, minijrni^ing wasted effort. In the final analysis, map 
reconnaissance supplements ground reconnaissance, and one or both are employed 

i^with location" reconnais^anpe!' (frame 2-23) . - 

' ' ' ^ \ 

16. ^ ground reconnaissance can supplement the hasty location of a route. 
(frame 2-25) ' ' I 

* • 

17. The engineer study in a deliberate location should contain evaluations of 
several possible routes in terms of design standards and location criteria., (frame ^-29) 

18. 'Other primary control points include terminal pcfints and intermediate 
points through which tjie road must pass, (frame 2-30) 

19. An example of third carder control fSeatures ;s where a road can foUo\v general 
contour directions, (frame 2-32) ^ ' ' . 

20. Tertiary control features are discarded before secondary and secondary 
features yield to primary, (ffanle 2-33) 

21. Sampling 10 percent of the ai;?^,and'aj)plying the result to the entire area is 
usually sufficient coverage. In smstll -areas a higher percent cruise maybe made, 
(frame 2-35) * • ^ > 

22. A map plotting all pertinent data is drawn. Soil classification. data ^t typical 
locations are included on the map. (frame 2-3p and panel 2-3) 



23. elements which must be > evaluated to base finai location on are 
alinement^ grade, and earthwork, (frame 2-42) 

24. The time spent in the prepar^lon of a paper location is repaid in bettej 
alinement and is directly reflected in both the decreased engineer effort needed ,for 
construction and the increased traffic capacity of the finished road, (frame 2-47) 

25. .Road A although telle most direct, would not be practical primarily because it 
crosses the swamp. It also crosses steep gf^des a^jequires considerable clearing. 
The roaS Mso does not pass near the quarry — a^^to'ce of construction material. 

Road B also crosses steep grades and in additilSn portion of the lake must 
be crossed. The lake also has steep banks at the choosing sites. Some clearing is also 
required. The^oad Vlpes not pass near the quarry'^ , 

Road D avoids the swamp and the lake and steep grimes but rgqilires 
extensive clearing. It is also the longest route. It passes^near^t t(Kthe qjtfarry but 
this is outweighed by tha^amount of clearing necessary. 

Road C is'tbe befet r^iite. It follows contour direction»,avoids the swamp and 
lake, passes within hWm^ distance of the quarry, and'r^quires'littl^ clearing. The 
leaskvconstruction effort would be required for Road C. (frame 2-34 and panel 2-4) 
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LESSON 3 .Airfield RecqrYnoissdnc^ bncl Site Selection. 

' /. / * 

All references are to lesson frj^mes and le^sojiv'pahels. / • ' . . 

1. .Airfield reconnaissance' SiffefS" fwOTi ^oadJ^iJ^tron recon^laisWnce in two 
major considerations.' First — ^n airfield ' projckrt involves ntx>fe'ma^ours, more 
equipment hours, an(J more material tlian a to^d* project. /Secondly A' airu^ffit, by its 
very nature"^ imposes more seyer^ design <^iteria> (se.e panel (esson 1) than does 

* Vehicular traffic, ^(frarnes 3-1 and 3-2) • " w_ , ^ V • v % . , * ' • . . ; / r' 

-. 21 Reconnaisi^ce missions must* be based primarily. on user requirements, 
.whicK, Tn turn, are often govern^ by the tactical air, support requiremeots of ground 

* forces. "T]he yarioos^ headquarters nnist maint^ri <;lo&cNiaison with the Air Force and 
with each (rtK^f . ^feach ^usf kiiQW^^ other is doing or has a 
need for._tfram€;3-6| ^ \ v ' ^> ' 

3* There^ are six steps in airfield ieconhaissSptijc^: ^larlnjng, jirie^ng, prelimi- 
nary study, air reconnaissance, ground r^<aJJii3^s^ancej aiid reporting, (frame 3-10) 

' \ ^ .4*. Pje^pteliminaty ^uay,*represents the mitial worlc. -Tljdrg^ty studies the 
" ^foVhiation olbtained during the briefing, cojiducts"a map recpnn^^is^qce' of the area,; 
jstudies air photon, delineates soil boundaffes^ dissembles other preliminary information, 
and the actual record -is jjlanned. (framer^S-l^) " . - 



5. The purpose ot the. ground reconna^issance-ls to aflsjver m^tr questj^ 
verify question^ formefi'froft the air. (fra(ne\*3»t5)\;^^^ • " vC ' 

6. •The'^ pTo)oi?>t 'submfesionfof reconiii^sd^ ^ 
t schedulfesrjitS^if^^ anJ^^*^';^^ } Z '-^.^Z 7 ^ V^, ; ^ ^\>^ 



report 

7; ;^ Exi^tifiglfifBelds-i^ 



iekk-isir^ marJc^ with a fiVe-inHo^.wcIe. yfrAi?i€^20'and panel 

ratio ^i-5Q:Tf^should:jbe >U5^^^ii:ItieterakiS diameters circles 
Jparkifi^^fttrtK su^asr^^[id^ 3-1) ^ ' , 

^^"""^ 9- .^l^f^fmg ^j^^ withihe 40:1 glide an^le 

uuJffthe^hori^taF^^^ a permissible height of 150 

I :::: feet.^fon^C^^nHZ^fi^^ \^::'J^-^^ry^ . 

^ ICfc'^^Tlie^fi^^^ mental hazards, .aiicf. 

- jjhysiical frtfetrt^tion^, .IkS: I'elat^, to ^orrlbaCtvbe planes which may use the^ prbpc^d 

/ ^ ' / a1^^eflgiitee'r*^obse»ve^ flight r^uirements and; 

tharact^nslic^ of air^^aft^Jfieis^aipilSi^w^ } 
^^i.^^^^ ^ ».v_T X ' ^construction 'effortrifr^ni^\.*^^^ 

' " ^ " ' - ^ 

^tJeast three passe£ar5"-madc^ - Sv 




.12. L = air sp,eed (ft/s(?c) x. average flight time '(sec) Since the flight time is in 
seconds',' count. air speed to ft/sec, 

100 mph X 5.280- ft/ mi ^ 145^66 ft/ sec 
3600 seef'lir-'": 

. The estimate^l runway length, is then, * * ^- ^ \ . . ' 

146.666 x 55 = 8,066.83 ft, say 8,000 ftt? 

13. En route to the site or a general are^ the engineer observer would note 
borrow pits, quarr>v sites, and rail or road acce.ss routes. He would also note any 
obvious errors, on maps that had been. studied. 

As in air Reconnaissance, enroute to the site to ba investigated, the reconnais- 
sance party should note and properly recofd access ^rout|^, location of construction 
materials, and the posij^idns of potential water points, (frames 3-29 and 3-34) 

14. Tl)e clearing and grubbing effort is estimated by timber cruising, the same as 
. for roads,' (frame 3-39) / ^ 

15. Normally, elevations are taken at each 500-foot interval and at anj^ breaks or 
slope changes. This interval hoy^ever may be increased to lOOO feet in flat country, 
(frame 3-40) ' ^ 

16. The statement "glij^ angle is excellent" is transmitted 'as "GOLF UNQUES- 
TIONABLE." (fra^e 3-42 and panel 3^4) 

17. As in"rl)aq[ location, the selection of airfield sites is usually a compromise 
between.engineering, operational, and tactical requiremfents. (frame 3-46) 

^ . \^ ^ 

18. From panel 1-4 (Lesson #1), read under **rear" and across from "maximum 
grade change per 100 ft" the value of 1.5%. (frame 3-49 and panel 1-4) 

19. The use of the long straight stretchestof the existing road as a "center core" 
for the airstrip should be considered, (frame 3-51) 

>' ' V * 

20. Minimum criterion pertaif^ing to interfering obstructions would reqilire the 
approach zone be, fre^ of obstructions at each end of the flightstrip. (frame 3-53) 

21. Besides manmiade and natural obstructions, there may be situations and 
layouts which might present a mental hazard to the pilot. An airfield on a plateau with 
steep -sides falling, away immediately beyond the overruns .may have perfect 
approaches, for, example, but pilots will always land well down the runways. A canal, 
ditch, or pole line at the end of a junway has the same effect, (frame 3-54) ' 

22. The Air Force All Weather Service (AWS) maintains meteorological 
information for all populated areas of the worlds (frame 3:55) 

' 23. Topography will determine the extent of drainage and earthwork required, 
(frame 3-58) * . 

24. It is most important to examine hydrological conditions and soil character- 
istics because drastic changes may take '.place between wet and dry seasons. This 



makes any evakiationa of hydrological conditions made during the dry season mis- 
leadmg. •(frame 3 57) 



25. Whether a base course is needed and the thickness of the base course are 
4ependent on the characteristics of the soil, (frame 3-59) 




» * 

LES^N 4 _ _ - Layout Procedures, Construction Staking, and 

Alinement. 

JVll references are to lesson frames arid lesson panels. 

'I ' 

1. • Control consists of .vertical control points (on bench marks) for the vertical 
component and horizontal controL;pomts for the horizontal component. The control 
points are frequently called hubs and are short square wooden stakes (2" x 2") driven 
flush with the ground. Vertical control is generally established by selecting a 
convenient bench mark as a datum and referencing all other elevations to it. 
Horizontal control points ma/ be tied into a local grid system: \frahies 4-1 to 4-8) 

^ 2. The primary Yunction of construction stakes is to indicate the alinement of a 
construction facility/to aid equipment operators, to control specifications and prevent 
excessive work, (frame 4-11) 

3. \C?nterline or alinement stakes are placed on the centerline of a roaH or 
airfield indicate it's location, alignment, and direction, (frame 4-16) 

4. The side of the centerline stake which faces the starting point is designated 
asthe front of the stake and is marked with the centerline symbol(£and applicable PC 

. for point of curvature or PT for point of tangency. Also marked on the front of the 
stake is the distance from the origin and the fractional part of the station On the back 
of the centerline stake, the information on cut (C) or fill (F) required at each station is 
written, (frame 4-20 to 4-22) - . . 

5. The stake is 200 feet from the origin and a- 1-foot fill is necessary at this 
location, (frame 4-25) 

. 6. Slope stakes are used to define the limits of grading, (frame 4-26) 
7.. 



(frame 4-36) 
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8. Offset stakes, are ^used to eliminate resurveying portions of a road or an 
airfield and accomplish "their task as reference points by being placed beyond 
construction limits, (frame 4-38, 4-39, .4-41, 4-42) ^ , * ' 

^ « " 4 

9. Horizontal aHnement consists of a series of straight lines c4!ed tangents 
connected by horizontal curves. In preparing horizonttt alinemenU intersecting 
tangents are laid out first and are later connected by cun^es. (frame. ^-47) 

^ 10. 1. Keep number of tangents to a minimum. * 

2. The connecting tangents of new roads should approach at right angles to 
existing roads. 

3. Tangents should be selected so as to avoid excessive grades. 

11. PI is defined as the point where two tangents intersect (Point of Intersec- 
tion). Angle of intersection (I) is the exterior angle formed at the PI and also^he angfe 
subtended between the intersection of the radius points at 0 (panel 4-5). 

• ^ The point where the curve begins or leaves the tangent is ^called the point of 

curvature jPC) and ttie point where the curve joins the tangent or where the curve 
ends is called* the point of tangency (PT) (panel 4-5). , ' 

12. }^hen hasty tyge roads and airfields are built in forward areas, high precision 
i$ not essential; a fairly good curve can be staked in by the eye and then adjusted as 
construction proceeds. Another simple way of staking out a curve in a fox^ward area 
would be, to have the driver or a truck make a gradual turn and use the wl\e|el tracks to 
stake out the curve, (frames 4-68 and -4-69) 

1 ' ' / • ' . * 

13. A compi|und curve is known as a reverse curve wti6n 4ie two cfejjves go in 
' opposite^directions.^ (frame 4-71) V ' ^ ^ 

- 14. V^tic^l alinement of roads and airfields is that poi^tion of the, design process 
that is concerned with the establishment of grades and the determination of the 
vertical connecting curves between tliese grades, (frame 4-73) 

15. The parabolic curve is usually* used for vertical curves because it provides 
smooth transition an(f the essential dimensions can be easily calculated by the 
surveying crew in the' field, (frames 4-83 and 4-84) ^ 

16. Two types of parabolic curves are used. The overt (convex) curve is used to 
curve over a hill. The invert (concave) curve is used to provide transition from .a down 
grade to an upgrade or to a level alinement (tangent), (frames 4-85 and 4-87) 

17. PVl — The point where two tangent grade lines intersect is called the 

* pq.int of yertical intersection. 

^. ^ ' 

PVC — The ^iftt, where the curve leaves the gradeline is called the point 
of|verticaBcurvature. 
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PVT T^"po{|[f.3vhere the curve joins the grade line is known as the point 
of|^ertfcar;tangency. 

f ^ ^ * ' 
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LESSON 5 - _ I - V Earthwork Estimates and AAass Diagram. 



1. Entering the t^ble at'4 ieet in column 1 and continuing horizontally to column' 
6, the valuer for a 24-foot cut with 1 to 1 side slopes is 415 cu yd. Continuing 
horizontally column 10 indicates that 30 cu yd must*be added for th(9 2 additional feet 
(24 + 2 = 26 ft), and column 11 indicates that 30 more cu yd must be added for 1 Vz to 
1 slopes. Thus: if 



415 + 30 + 30 = 475 cu 



Then: — x 475 = l,4255^u yd __ , 

,100 . (frame 5-7' and panel 5-ir 

♦ 

2. Triangles 7 and 8 = 3.4 x (5 + 15) = 3.-4 x 20 = 68 
9 and 10 = 3.4 x (30 - 0) •= 3.4 x 30 = 102 »* 

170 

Then:* = 85 sq f t coa a i=o» 

2 (frame 5-24 and panel 5-2) 

3. From panel 5-6: f \ . • ' 

. End area of cut at station'33 f 00 = 1,156 
End area of cut at station 33 + 90 = 1^345 

Slim of end areas = 2,501 sq ft , . 

Since the sum of the end areas is greater than 1,673.9 sq ft break the sum 
2501 nnto two portions — 1,200 and 1,301. 

Then, from panel 5-3: - * ' '' ^ \\ 

For the figure 1,200 the volume is, ' > ^ ^ ^ ' ^ 

: . ' 2,200 (column heading) + 22.22 (column 0.0) = 2,222.22 

I For the figure 1,301 the volume is, 

2,400 (column heading) + 9.26 (colunfn 0.0) = 2,409.26 . 

Total volume = 4,631.48 cu yd 

Since L = 3,390 - 3,300 = 90 ft, the total volume between stations 32+00^ 

and'33 +*90 is, • " , ' ' ^ 

i ' 

- 4,631.48 X 90 _ 4 i68.71 say 4,170 cu yd * • 

100 (frames 5-30, 5-32, panels 5-3, 5^) 

4. Panel 5-4 shows the factor of cut to fill is based^ en 125 cubic yards of 
excavation required to make 100 cubic yards of fill, for fills 2 feet ^igh and under 
(100/125 = 0.8). For fills over 2 feet high, the factor is 0.85. (frames 5-40 and 5-41) 

5. The mass diagram is a graph on which the algebraic sum of the embankment 
and corrected elevatien is ploy^ against linear distance. Thfelinear distance js always 
plotted as the a^bscissa and €he algebraic sum of the embankment and excavation is 
plotted as the ordinate, (frame 5-59) ' . * 



6^ From panel 5-7, the conversion factor .for in plaj?^sand td compacted sand is 
0.95. Tfferefore the shrinkage is 1.00 ^0.95 = .05 or 5%. Thus: 1200 x 1.05 = 1260 cu^ 
yds to be excavated, (frame 5-76 and ganel 5-7)^ ^ ^ H 

7. The balance line is a horizontal Une betv^een any two points on the mass line T 
where excavati(Jn equals embankmeijt. The maximum lengfh of the balance line is 
predetermined on the basis of an efficient haul, (frame 5-94) 

8. A balance line above or below any other balance line represents the total net 
yardage that is to be moved from cut to fill, disregarding the yardage which is ^ 
balanced within any 100 foot distance that has l?oth cut and fill, (frame 5-103) 

^ * ^. , ' 

9. -^^he direction of haul will be from right to left.' This is because "this is a sag 
hump, (frame 5-115) ' ' * 

10. The second method entails scaling off the volume #bm ordinates of the mass ' 
diagram. This method is not as accurate but is of sufficient accuracy for most 
^situations, (frame 5-117) T ^ 

11. Materials t^ be imported and mixed with subgrade soils for subgrade 
stabilization are* included in earthwork computations, but base course* or paving 
malerial^ t^ be placed above thl^ subgrade are not included. (Jframe 5-2) ' 

' .12,^ Cross sections are plotted for each 100-foot station on the adopted centerline 
for runways and road tangents. They are also plotted at any intermediate place where * 
there is a distinct change along the centerline, and where the natural profile and the 
gradeline correspond (from cut, to fill)' \ 

Also, a cross section would be plotted at intermediate places between 
s.tations when the surfa^ on either side of the centerline is uneven^nough to require 
plotting in orde.r to represent prgperljji^Fthe volumes indicated between the station 
cross sections, (frames^ 5^2 to 5-14) x 

13. The area described Qpntains triangles 6, 7, 8, 9, 10 and 11. They can be 
paired as follows: \ ' \ . 

Ti^ngles 6 ' = 3 -X (5) =15 
7 & 8 = 3.4 X (5 + 15)' ="68 
9 & 10 = 3.4 X (30 • 0) = 102 * * 
11^.^ = 2.1 X (15) = -31.5 
Total 216.5 
dividing by 2 equals 108.25 say 108 ft^ 
,(frame-3-23) » ^ . 

14. ^'Counting, the^ squares'' consists of counting the enclosed squares and 
multiplying the resujt by the area in square feet of one square. This gives the area of 
the cross sectipn in square feet. .The area in square feet of one square is determined 
by the horizontal and vertical jsrcales used in plotting the Voss section, (frame 5-18) 

15. Reading in table from paner5-4, across the line marked cut-2 is the vjlue 
1,100. This' is the volume of fill that can be made' from a cut per 100 feet of length. 

• S5-2 
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Multiplyingf 

(1.100) X (3.5) = 3850 C.Y. . , (pauftl.5-4 and frame 5-41) 

16. A tentative runway gradeline is set a guide in properly assigning equip- . 
ment pjior to detailed computation of earthwork quantifies. Establishment of a 
tentative grade enables work to proceed before detailed computation of earthwork 
quantities are made, (frame 5-42 to 5-44) . ". , . 

' 17. One^ method of establishing the tentative grade line is to plot the centerlirie 
, DTofile and the profiles of the shoulder edges. The tentative subgrade grad^ line is 
then plotted on the profile bearing in mind minimum earthwork and efficient haul r / 

limits. ^ * ' . . . ■ 

/ The grade line corrected \or transverse slope . is then plotted on the 
corresponding runway and shoulder edges. The areas between the grade line and the 
profile' are then obtaii)Qd. Because cuts should roughly balance fills, the sum of the ( ' 
areas above the grade line is balanced against the sum of the areas below the grade 
line. The tentative grade line is shifted until the areas obtaitied are roughly in balance. - 
(frames 5-45 to 5-49) , ' ' 

18. The last step common t£both methods of computing borrow pit volumes is to 
de termine cross sectional areas aflS then 'determine thre volume, (frames 5-50 and 5-52) 

19. Referring to panel 5-6, reading down column .(3) excavation and across from '^ 
station 41 + 00 gives a value of 196 cubic yards, (frame 5-67 and panel, 5-6) J 

20* The two formulas nefeded are: ^ k 

" (1) excavation - strip volume = net* excavation ' ^ ^> ' _ 

(2) embankment + strip yolume = ^let embankment 
first net excavation: ' ' • , " 

2169 

-"^214 

f 1955 cubic yards ' ^ 
next net embankment: 
. 1365 - ' / 

+ 214 . . ' 

V 1579 cubic yards ' (frames 5-71, 5-72 and panel5-6) 

2L Column 6 deals 'with Hhe product of the net excavation and the proper 
shrinkage or swell factor. In terms of columns, column 5 is multiplied by 0.9. (frAme ^ ^ 
.5-74 and panel ^-6) J ^ * . ' t 

22- Positive values are excavation quantities; negative values ite embankment 
quantities? (frame 5-60) 

23. An ascending mass Ijne in the diagram indicates aij liiteess of excavation, and 
a descending mass line an excess of fill along the portion of the area for which th^ mass, 
diagram is drawn, ((rame 5-92) 

- ' . ' .. ' 
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♦u u^u ^^^^ ""^ summit humps, the Haul will be from thfe lower to 

the higher station numbers, when the mass line forms sag hvmps. the haul will be from 
the higher to the lower station numbers, (frame 5-93) 

25. GeneraUy. the average length of haul is approximately equal to thp length of 
a horizontal line drawn midway between, the peak of the mass line and the,balance line, 
.iirame 5-113) ^ ; * 
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LESSON 6 Drainage. 

references are to lesson frames and lesson panels. 

1.. \i th6 c^Ksiruction sequence, drainage is listed imnSediately after the 
clearing £ukl grubWng\hase. / * * i 

Drainage constructfeujnust precede eafthwork for two reasons. First, moBt 
culverts must be installed in ordeK to allow earthwork operations to progress withpyt 
interruption; second, fills and cu^j^mist be protected from the effects of rain dnd ^ 
overland flow during all phases of construction, (frame ^-4) 

2^- Stao/ling water on road, Tunw^^ and parking area surfaces not only 
decreases operating efficiency but'Vill *feVefltually saturate the subgrade, causing^ 
failure. Sheet flow (moving watet) that is toa deep or moving too fast wi)l erode the 
^surface, over which it moves. Surf^lfes are built with gentle slopes designed to remove 
standing water and control sheet flow with hiinimum damage to suHaces and 
subgrades. 

A minimum^ slojfe''of 0.5% is necessary to mal4 ditches s^lf-cleaning; the 
maximum desirable slope is set at about 4%. Whefn the slope becomes greater than 
the desired maximum, the ditch must be.lined with riprap, sodded, or paved, (frames * 
6-8, 6-16) 

1 * . ; , ^ ■ 

3. For normal road construction requirements the deep V ditch is most suitable; 
where extra capacity is needed or where the soil erodes easily the trapezoidal' ditch is / 
best; the shallow V ditch is built near airfield runways, (frame 6-14) ^ . ' « 

4. On sjdchil! cuts and stfeep grades, checkdams are placed in side ditches to 
reduce the' rate-of-flow (slow the water) and prevent erosion. ^ 

Side slopes of the ditch immediately above and below checkdams (panel 6-4) 
require protection from erosion and scouring. To accomplish thfs. a weir notch big - 
enough to discharge the anticipated runoff is cut in the middle of the checkdam to 
prevent backed-up water from putting at the edges of, the checkdam. An apron, 
extending from the downstream mce of l^be checkdam', fs needed to prevent scouring, 
(frames 6^17, 6-18) 

5. Formula for spacing, of checkdams: ' 

„ 100 n ' ' : • ' 

minimum value of H ^ 1 fogt " .^^ 
minimum value of B is 2 percent" 
A is given as 7 percent 

7-2 5 



(frame 6-19 and panels 6-4, 6-5) 



S6-1 



erJc ' 



6. Formula for number of checkdams is . s " 

_ length of ditch . - ' ' * 

spacing ' ^ 

> the spacing fs calculated as 
A - B 4-2 

•the number can now be cal(|ilated: ' - - 

N' = = 6 check(la/is 
(frame 6-21- ^nd panel 6-6) , , , 

•7. .Whenever natural drainage channels cannot be diverted economically from 
roads, taxiways, and occassionally r.unways, facilities must be provided to permit 
cross-drainage to flow under them. Culverts are used for this purpo'se. They -provide 
cross-dr^inage'-at low points in a filL provide ditch relief, and continue side, ditches at 
intersections, (fram^ 6-24) ^ j^' 

f 

, . 8. Most pipes used for culvert construction ^re made of either reinforced 
concrete, cast iron, or corrugated galvariize'd m^tal. Pre-formed corruirated metal Dioe 
*) (CMP) is £he easiest to* place. • y 

. The other choices are too time^^suraing to cwlj^ete with GMP. ^frapie 6-25)^ 

9. Although the resulting structures are, not as slrong as For box culverts, 
expedient drainage structures can be -built using steel (oil, gasoline, or asphalt) drums 
i (frame 6-30) ^ <, , • N 

10. The placement (H culverts in meandering channels sHould *)e made after 
proper realinement of the stream is made (when needed). Some constr^iction-such as 
building dams and digging new channels, for shifting, the stream^o proper alinement 
may be required: (frame 6-34) . ' ^ 



11. X)n an 8 percent grade, ditch relief culverts should be placed 300 feet apart 
(frame 6-35) ' • ' • ^ ^ , s 

12. A = W. ,H-f 100% . • \ 

2 , • ' 

A = X 6 + 100% = 84 sq ft . . i 

^ (frame 6-42 and panel 6-12) ' i ' • . 

13. Using Talbots nomograph, the valute of. 24 inches i§ read as the diameter of 
r6und pipe, (frame 6-44 and panel 6-14) ^ 



~ 14. From panel 6^15, a 48 in. pipe = 12.57 sq ft* ■ • * 

Then: — 1.-98 ' , ' - ' . > ^ i 

12.57 . ' • " . 

Use 2 pipe of 48 in. 'diameter .(frame §-46 and panel 6-15). 

15.: Dmax= VrF . '* ■ ■ 

^D„,,= Vi (7.8 X 12)'= 60.4 " , • . • 

• ■ • . ■ ■ 1 0 

: Use 60 in. diameter pipe (from panel 6-15) (frame 6-51 and panel 6-18) 

^ 16. From psrfpcl 6-19, undei* the "120,000 lb plane" heading and across frons the 16 
gag^ pipe, the cover requireriwt is/ead as 4.0 feet., (frame 6-^3 and f)anel 6-19)' 

' •• , ^ • ' ■ ' .■■ ' ■ ' . 

17. VzD or.— = 18 inches ■ ' ^3 

■2 ' . . 

18. The object of subsurface drainage is'tqulower the water table by tapping the 
ground water and carrying it- off' in h pipe or ditch, (frame 6'^0) • • 

19. In rpad or airfield construction the water table shoul(^ be a fninimum of 5 feet 
below the facility." (frarhe' 6-61)" ^\ ' !' - 

20. Deep Qpen ditches are not usually constructed in long stretches but acf e morfe 
commonly emptoyed in -short stretches at critical points. . However, in many cases, su«rfi 

''ditches are a traffic hazard-^nd they, are also subject^o erosion, (fram'e. 6-67) 

21. A tile drain is the same as the French drain except that the trench Wy bfe 
filled with gravel in lieu of crushed^stone and a pipe^is placed near the bottom ('panel* 
*6-21). The pipe is usually 6 inches.in diameter although 8- and 10-inches pipes are also 
used.^ (frame 6-72) ^ , ' ' ' ^ . • v , 
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' LESSON' 7 Earthwork Operations and Expedient Surfaces. 

All references ^e to lesson frames and lesson panels. 

1. A road ot airfield construction project is broken down into basic construction 
tasks which are performed in logical pHases sequence. After one task^f the project! 

* such as the clearing ^f trees and brush, has been completed on a certain area, the 
second construction task of strii^ping the area is begun. At the same time, the first 
task of clearing would be starts in another area. Thus, time and effort can be saved 
by performing, sevei^al tyjpes of construction tasks simultaneously, (frame 7-1) 

2. Clearing should start at the poinj of dispo^l and fan outward'so that threes 
and brush can .be pushed oven a cleared area. If logs are cut from felled trees, this « 
should be d.ane'in the disposal area to avoid interference with the clearing operation.^ 
(frame 7-4) 

3. Grubbing is the removal amd disposal -of stumps and embedded boUlders. left 
in the area after clearing. Crawler dozers are very efficient for removing stumps up to 
SOanches in diameter, (frame 7-6) • - ^ * 

4. ' For trenches, the ditching machine is, normally usedV For harder materials, 
the back, hoe should be used. For cutting and shaping open ditches, the grader and 
dozer are employed, (frame 7-10) ' * ' . , • \ 

' 5. The reason for placing th[e fill in thin layers and then compacting is to insure 
uniform density throughout the mass >^hile at the s^me time controlling the moisture 
content: (frame 744) . \ ' ' : 

^ 6. Once the materials are blended *(if needed), compaction is obtained* from 

^pneumatic-tired rollers with final rolling made by Ihre^heel ' rollers.^ As with 
;s\ibgrades, high spots are removed and final shaping is done with the grader, (frame 
7-18) 

' . * . * t 

7. The choice of the material used is important in seciynng best and quickest 
results. With a choice of materials, the principal factors which will determine ^he type 
of expedient used will be the time available for construction, desired life gf'tKe/oad, 
and the type of terrain the road must traverse, (frame 7-22)* / * // 

8. In practice, the life of a facility will depend greatly on the t^e'ui^d to build 
it. Expedient roads can be classified as **hasty** expedients when they ar^ to l^e built 
quickly, an(ilast only a short time, and as "h^avy** expedients when they I'equire more 
time to build and lasJ longer when built, (frame 7'-23) ^ 

9. A eorduroy road can be classified both as a heavy and'Ver^ain expedient 
(frame 7-2©) , ' ^ / ^ 

. JO. The most frequent type of corduroy construction isjtjie standard type, 
(frame 7-27) • ." / 
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' _ ^ ^'-•-'"'^ '.'."^ , — v*^ * / "^-'^ 

.V'-. ^ 11*^ .^utH^rt^,^ decking at an iiri^le'de^ since each log - 

supp^r^ onfy"5ile wheel at a time^and ther^S^longit^inat-asuvelTas^^ . 

;'ii5^*; Cbespuling irtust be ^optTweTto^pr^veiit the saplings from becoming brittle . ,^ / . , 

1' J . -i^^,^ M^t^Xtandm]^ but they ar^ o^t':^l^f)aftdr^ ^ * * ; 

, ^, / . 
>'^^>^tSi?oi&^^ii^ that with 'IKe use of membrane to. ^* ' i ^'"Z* 

J.-'Pfev^t'^l^e putiijfingr^f the mud* aCa&Jjj effective jpxp€Jdi€^«t*t!aiir"^^ ' /•* '^i . 

<i^:{^tkm^A-^), ^■'-'^^'\-- ' - ■. : ..v- • • A.J 



" V 14.- The army tr^lc'is e3^©eUent in sarjdy '.terrain. The track consists pf 4 x 4 or 
/ larger timbers threaded at eacti end on a Vi^in^ti wire rope anazresemhles the tie3 of a ♦ , . ^ ; 
^railroad track. The timbers must be^paced^u>Lg^at^tha^ 4;be3istatice which _ . ^ ^ 
allow the small^^ wheeled vehicle vising, the roid fco^^ta5v"2^CtiolCIlC^T^ - " ; 

15. The,inqfift:Wpottant single type of tread road is^e pI^iIT&ead road (panel .i ^ 
.7-8). SleeperS/i^' to 16 feet long are -fct- lai9^ .Eei'gjffiMiitu the ceiy^rfij^II^ \— 
3-to-4 foot ceQters;4epending on the loads to be csuTied -and^siIlJgpadf^coiiHItb^ . 



place 4 X 10-inch ptanks parallel to the traffic to form 2 tre^s^abput^36 inches^p^t!. ^ 
• (frame 7-4^ and psu^el ^ * . ' . ^' ^ f 

V-.A ^ " • - * - • ' "C, - \ 

16. Emphasis sko(ild/be placed on making grades and curves as gentle. as * 
possible, (frame 7-491- ^ • 

^ 17. From panel 7-9v* at a thickness of- ice of IV2 inches, individual soldiers are- 

spaced 20 paces at a minimum, (frame* 7-50 and panel 7-9) ' 

, ' ^ • • t 

.Is.. Two general categories of landing mat^ havg been established, one for ^ 
medium duty and one for light duty. Elach is capable of sustaining 200 coverages of a 
" 25,000.pouhd single wheel load with tire pressure of 250 pounds^per square inch. The 
medium duty m^t can be placed over a subgrade with a CBR as low^ 4. (frame 7-53 ' 
and pan^^-lO), ; - . 

..•* I9. Portable surfaces for airfield^ fall into two principal classes the Undin g ^ 
-•''mat and nylon membrane. Landing mats are designed to provide a structural Icttd . 
distributing media and wearing surface. >Nylon membranes are intended only .W 
.protect . otherwise structurally adequate surfaces from changing character in wet 
weather and to eliminate dust, (frame 7-52 and {>anel 7-55) . ' . ' 

Bituminous materials are -^ommonly used dust paluatives. Chemical 
agents such as calcium chloride (CaCI^ -have .also been;!.^^ with success. However, 
CaCle is generally not used on airfield ^t>^use of its. &trosive effect on aircraft, 
(frame 7-59) A \ . , 
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V ' r J ^ SUbcpyrs^- 

' ' ' Fii).in.X<5ur-nftnie an(?^omplete rna;Hhg> . '/ / C ^ 
'.iddf^fi^ on l^e JteveriBe side'^yhere ijidicated. Lesson,' 



r/*- n ^ /: .. .. \ Dat^ ^ 



/ ' ^If you have a oujesiion or request for information cdn.ceming a sul>course or lesson, use this form. Your 
- V inquiry will be aaiswered belaw. This form may also be used for co,mments, suggestions, requests for 
" additional subcoarses, and ot^er informal co^yin^unications concerning your extension .course enrollment 



1. The foll^ing errdyy^^ve ;Q .'lessons > □''texts v examination: 
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2. Reqaeat..ans^^rsHQ the following que3tioDs:'>- • . - ' ' ■ . . - 11' ' • 
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